


STANDARD T I T L E  PAGE 

8 .  ReporPNo. 2. Government Accession No. 

NASA CR-1725 
4. T i t l e  and Subtitle ASTRON&JT ZERO 

PEEFDRMANCE EVALUATION P R O G W  - Detailed 
Technical Report 

7. Author(s) D o  G. N O ~ T I A E ~ ~ ,  G. Millerj M e  @. 
Grobman, and R.  W e  Jones 

9. Performing Organization Name ond Address 
General E l e c t r i c  Corripmy 
Space Systems Organizatfon 
P. 0. Box 8555 
Philadelphia ,  Pennsylvania 3.9lOS 

Rational  Aeronautics & Space Adm€nfstration 
Washington, De C. m 5 4 6  

2. Sponsoring Agency Name and Address 

5. Supplementary Notes 

3. Recipient's Catalog No. 

5. Report Data 

6. Performing Organization Code 

March 1971 

8. Perfarming Organization Report No. 

IO. Work Unit No. 

11. Contract or Grant No. 
NAS 9-8640 

13. Type of Report and Period Covered 

14. Sponsoring Agency Code 

6- Abstract The Astronaut Zero Gravity Performance Evaluation I? 
designed t o  fill a gap i n  our kncrwledge of m P s  c a p a b i l i t f e  
perform complex tasks i n  the zero-gravi ty  environmn-L. 
experimental program involved an evaluat ion of t h e  mjor facets of 
astronaut  performance while r e s t r i c t e d  t o  a limited work-site area. 
The program WES performed during t h e  per iod July 1968 through February 
1970 and encompassed: (1) The de f in i t i on  and prelimlnaxy desfga of 
Experiment ~ 5 0 8 ,  an experiment concerned with astronaut  worksite 
performance evaluation; (2) The f ab r i ca t ion  of protatype hardware and 
co l l ec t ion  of simulated astronaut  worksite performance data using 
various grouna based zero-gravity simulation modes; (3) The c o l l e c t i o  
of addf t iona l  data on manos force  emission capab i l i t y  t o  e s t a b l i s h  1-g 
and zero-g basel ines;  ana (4) The preparat ion and publ icat ion of a 
Handbook of Human Engineering Design Data f o r  Reduced Gravity 
CondAtions e 

The r e s u l t a n t  

17. Kay Words (Selected by Author(s)) 18. Distribution Statement 

Human Perfommnce/Engineer%ng- 
Weightlessness, Zero Gravity, Space 
Simulation, Spacecraft Design, 
Psychornabor Performance 

UnclassifSed - Unlimited 

19. Security Classif. (of th is  report) 20. Security Classif. (of this page) 21- No. of Pages 22. Price 

Unclassif ied Unclassif ied 404 $3.m 

For sale by the National Technical Information Service, Springfield, Virginia 221 51 



PREFACE 

The f i n a l  repor t  on the  Astronaut Worksite Performance Program f o r  the  de- 
velopment of Experiment a08 i s  presented i n  t h r e e  volumes. 
t i ons  are: 

The volume designa- 

T i t  le  

Summary Technical Report (N70-34195 - CR-108569) 
- Volume 

I 

I1 Detailed Technical Report 

I11 Handbook of Human Engineering 
Design Data f o r  Reduced Gravity 
Conditions 

The a n a l y t i c a l ,  des ign ,  manufacturing and c e r t a i n  ground based zero gravi ty  
s imulat ion port ions of t h e  program were performed by the  Space Systems Organiza- 
t i o n  of t h e  General E l e c t r i c  Company Space Division. 

I n  addi t ion ,  considerable  support w a s  provided a t  the  Manned Spacecraft  
Center, Marshall Space F l i g h t  Center and the Aeronautical  Systems Division a t  
Wright-Patterson A i r  Force Base e We would l i k e  t o  acknowledge those personnel 
who provided t h i s  support ,  

NASA/MSC 

J. Jackson, Contract Technical Monitor 
M. Radnofsky 
R. Epperson 
R, Rusnak (Fordham Universi ty)  
R. Haslip (Li t ton  Indus t r i e s )  

NASA/MSFC 

P. Schuerer 
L. Vaughan 
J, Splawn 
C. Cooper 
W. Cruise 

ASD/WPAFB 

D. Grigge 
L t ,  J, Lackey 
T/Sgt, C ,  J, Cah i l l  
T/Sgt, R, D, Wayt 

iii 





TABLE OF CONTENTS 

3 EXPERIMENT DEFINITION AND TASK 
SEQUENCE DEVELOPMENT . e a e e * e e e 

4 

3.1 Study Input Data Analysis . . . e e e I . 
3.1.1 Reference Documents .) e . . e I e 

3.1.2 EVA Task Determination . e e . . a e . 
3.2 T a s k h a l y s i s  e e e e e a a 

3.2.1 Candidate Variable  Analysis . e . e e 

3.3 Factors  Affect ing EVA Performance . e a 

3.4 Experiment Descr ipt ion (General) e e a e . 
3.4.1 Res t r a in t  I n s t a l l a t i o n  e . a e , . 
3.4.2 Gain Access Task . e . . . . e 

3.4.3 Two-Hand EyefHand Coordination Task a e 

3.4.4 Prec ise  Hand Movement Task . . (I . . . 
3.4.5 Force Emission Task e . I) e e e a 

3.4.6 Torque Emission Task . . . . (I e a 

3-4.7 Operational Maintenance Task a . . ., e 

3.5 Def in i t ion  and Se lec t ion  of Independent Variables 
3.5.1 IVA Task Evaluation . a e , I) a . . e 

3.5.2 Res t ra in t  Evaluation (t a .' . e e 

3.6 Candidate Task Sequence . . e e e e a 

3,6.1 I n s t a l l i n g  Personal Res t r a in t s  e e a a 

3.6.2 Gain Access To The Task Panel a 

3.6.3 Perform Spec i f i c  Tasks a e I e e a 

3.6.4 Securing the  Worksite I e . e e . 
TASK PANEL DEVELOPMENT e e a ., e e e a e 

4.1 Task Panel  Evolution e e e e I) 

4.1.1 Functional and Design Requirements 
4.1.2 Man/Machine In t e r f ace  Criteria e e 

4.1,3 Conceptual Design e a e . e e e 

4.1.4 F e a s i b i l i t y  Test ing e e e I 

2-1 I 

3-1 

3-1 
3-1 
3-1 

3-12 
3-24 

3-25 

3-45 
3-46 
3-46 
3-46 
3-47 
3-48 
3-49 
3-49 

3-49 
3-50 
3-59 

3-70 
3-70 
3-70 
3-72 
3-14 

4-1 

4-1 
4-1 
4-41 
4-58 
4-63 

V 



SECTION PAGE 

5 

4.2 Task Panel Design e . e . I )  e 

4.2.1 General Design Considerations e e 

4.2.2 Restraint Installation e a e a a a e 

4.2.3 Gaining Access to Worksite (Front Cover) 
4.2.4 Force/Torque Module e a /. . e e 

4.2.5 Precise Hand Movement . . . - a . . e 

4.2.6 Two-Hand Eye/Hand Coordination e e 

4.2.7 Operational Maintenance Task . . . a . 
4.2.8 Limited Access . e . a . II . . . . . . . 
4.2.9 Electronics Package . e I) e . e (I . . 
4.2.10 Observer's Panel e . . . . e a 

4.2.11 AAF' Vehicle and Other Experiments 
Integration . . e . e I )  e Io . . e . 

EXPERIMENT DESCRIPTION . a e . . . . . . a . . 
5.1  Major Experimental Conditions a e . ,, . 

5.1.1 Restraint Conditions - e a a a (. . 
5.1.2 Pressure Suit Conditions e . a e . 

5.2 Restraint Installation e . . a . e . e a 

5.2.1 Procedure . II a a . e . . . a 

5.2.2 Measures . . e . . . e . . . . . 
5.3 Gain Access Task e . . a e (I . a . 

5.3.1 Procedure . e . . e a . I) a a . . 
5.3.2 Measures . . a a . e e e e . . 

5.4 Inspection, Activation and Checkout e . e e e . 
5.5 Two-Hand Eye/Hand Coordination Task e . . . 

5.5.1 Procedure e . e . . ., e e e 

5.5.2 Measures e e e e e e . 
5.6 Precise Hand Movement Task (I e . a , 

5.6.1 Procedure e e e 

5.6.2 Measures * I . a e . a e e . a 

5.7 Force Emission and Module Replacement Task a a 

5.7.1 Procedure e a e e e I) a e a ., 
5.7.2 Measures e ./ e ., e e 

5 - 8  Torque Emission Task e e a a e e , e 

5.8.1 Procedure (D a e 

5.8.2 Measures e .. e a 

5,8.3 Force/Torque Emission Tasks Protocol e e 

4-84 
4-84 
4-87 
4-90 
4-92 
4-98 
4-100 
4-101 
4-102 
4-105 
4-109 

4-115 

5-1 

5-1 
5-1 
5-1 

5-1 
5-1 
5-2 

5-2 
5-2 
5-13 

5-14 

5-14 
5-14 
5-15 

5-15 
5-15 
5-17 

5-19 
5-19 
5-21 

5-21 
5-21 
5-23 
5-23 

vi 



TABILF, OF CONTENTS (Continued) 

SECTION PAGE 

6 

7 

5-9 Operational Maintenance Task a .- e e . 
5.9,1 Procedure e .. e . e e e e e . 
5.9,2 Measures . e a e Lo e e . e 

5.10 Concluding Task e a . e e e . 
DATA COLLECTION ACTIVITIES e e e e e . . e 

6.1 Instrumentation and Data Recording . e e e . e 

6.2 One-G Data Col lec t ion  A c t i v i t i e s .  e e . . e , 

6.3 Action-Reaction Free-Fal l  Simulator 
(6 Degrees of Freedom). e e a e e a e e . 

6.4 Neutral  Buoyancy a e . . e e a . e e 

6.5 KC-135 Zero Gravity e e e . . e a e e e e 

DATA ANALYSIS AND RESULTS .. . . a e . . a 

7 .1  Data Reduction e a e e . . e . e e . e e . e 

7.1.1 Data Preparat ion e e e e e e 

7.2 Computation Procedures . . e . e e e (I e e 

7.2.1 Two-Hand Task a . . a . e - e 

7.2.2 Prec ise  Hand Movement Task e ., e e 

7.2.3 Prec ise  Force Task e e . e . ., . . e 

7.2.4 Sustained and Impulse Force Task e e 

7.2.5 Torque Task . e . e e e . a 

7.3 Resul ts  and Conclusions (. (D . a a . e 

7.3.1 Prec ise  Hand Movement Task e . e e 

7.3.2 Two-Hand Task e . e e e e ., 
7.3.3 Prec ise  Force Task ,, e a e e e e 

7.3.4 Sustained and Impulse Force Task e 

7.3.5 Precise  Torque Task e e ,, e . I( 

7.3.6 Sustained and Impulse Torque Task e 

7.3.7 Time Data Resul ts  a e e 

7.3.8 Questionnaire Data Resul ts  e e . e a 

7,3.9 Summary Resul ts  e .. e e . 

5-25 
5-25 
5-26 

5-26 

6-1 

6-1 

6-8 

6-11 

6-16 

6-21 

7-1 

7-1 
7-1 

7-8 
7-9 
7-11 
7-11 
7-14 
7-14 

7-14 
7-17 
7-20 
7-22 
7-24 
7-34 
7-36 
7-45 
7-46 
7-46 

v i i  



TABLE OF CONTENTS (Continued) 

SECTION PAGE 

8 HANDBOOK OF HUMAN ENGINEERING DESIGN DATA FOR 
REDUCED GRAVITY CONDITIONS .. 

9 

10 

8.1 Handbook Development e e . e e e e 

8.2 Data Collection e a e e e I( e 

8.3 Data Application a e e e e e e 

8.4 Handbook Organization e e e . ., . . e I ., e 

8.5 Results and Recommendations e e e e e a 

EXPERIMENT 84 A' AND 13 e ., 

9 , l  Introduction e . e e e . 
9.2 Objectives .I a e e e e (I e 

9.2 e 1 

9.2.2 Experiment 84B One-G Baseline 

Experiment 84Aq Non-Pressure Suited 
Experiment . e . e . . e . e . a 

Experiment e e e e e . e I) . e a a 

9.3 Experiment Description e e e I) 

9.3.1 General Description e e a e a e 

9.3,2 Experiment Variables e . a I) a e 

9.3.3 Type of Restraint System e e ., e ,. e 

9,3.4 Receiver Angle . I) e (. e e e 

9.3.5 Receiver Distance e e 

9.3.6 Handle Orientation e e a e e e 

9-3.7 Force Direction a e e e a e * a 

9,3,8 Force Type e e , e  e e 

9,3.9 Subject Differences e e e a e e 

9,3.10 Suit Condition a e . e 

9.4 Experiment Set-Up e e e e e e e 

9.5 Data Analysis and Results e a e e 

9,5.1 Data Reduction e e e e a e 

9,5.2 Results e e e e I) 

9,5,3 Conclusions e e 

PROGRAM CONCLUSIONS AND RECOMMENDATIONS e e 

8-1 

8-1 

8-2 

8-2 

8-3 

8-4 

9-1 

9-1 

9-1 

9-2 

9-2 

9-2 
9-2 
9-3 
9-5 
9-8 
9-8 
9-8 
9-9 
9-9 
9-9 
9-10 

9-10 

9-10 
9-10 
9-13 
9-15 

10-1 

viii 



TABLE OF CONTENTS (Continued) 

SECTION PAGE 

10.1 In t roduct ion  e e e e e e e a 10-1 

10.2 Conclusions a e I) e e e e 10-1 

10.3 Recommendations e (I e e I) e a 10-2 

APPENDIX A - ASTRONAUT PERFORMANCE PROGRAM 
DESIGN VERIFICATION TEST PROTOCOLS e 4-1 

ix 



LIST OF ILLUSTRATIONS 

FIGURE PAGE 

3-1 
3-2 
3-3 
3 -4 
3-5 
3 -6 

4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
4- 10 
4-11 
4-12 
4- 13 
4- 14 
4- 15 
4-16 
4- 17 
4- 18 
4-19 
4-20 
4-2 1 
4-22 
4-23 
4-24 
4-25 
4-26 
4-27 
4-28 
4-29 
4-30 
4-3 1 
4-32 
4-33 
4-34 
4-35 
4-36 
4-37 

N A R E V E A S t u d y . . . . . . . . . . . s . . . . e . .  
Experiment Descr ip t ion  Form e e e . . El e 

IVA Analysis Form - Example I e . e e ., e e (. 

IVA Analysis Form - Example I1 e e , e e 

IVA Analysis Form - Example 111 . e e ., e . 
M508 Experiment Sequence FunctionalFlow 

Block Diagram e e . e e e . a a e 

Shoe Res t r a in t  . e e . . . . . ., . e 

Task Panel Concept e a e I) . a e . . . e e e 

Module Removal Concept e e .. . e e ., e e e e . e 

I n s t a l l a t i o n  of Shoe Res t r a in t  . e . e e 

Waist Res t r a in t  e e . ., a e . e . . I 
Module Pos i t ion ing  - Upper Right e e e e . . e . 
Module Pos i t ion ing  - Center Pos i t i on  ID e e . e e 

Module Pos i t ion ing  - Lower Lef t  e e e e e 

Reach Envelope - Subject  1 e a e e I) e . e . 
Reach Envelope - Subject  2 e . e e * (I 

Waist Res t r a in t  - Modified e e e e 

F e a s i b i l i t y  T e s t  - Phase 2 e e e e e e . . 
Access Panel - Size  Determination e e e 

Access Panel - Dimensions and Location e e ., e 

Task Panel - Deployed Configuration e . e . e 

Task Panel  - Stowed Configuration e e e e e e e 

Hand Res t r a in t  e e e e a . e e e e e e 

Hand Res t r a in t  Mounted i n  Cover a . ., ., II 

Hand Res t r a in t  Mounted i n  Task Panel e e e 

Variable  F l e x i b i l i t y  Tether  Concept . e . e 

Variable  F l e x i b i l i t y  Waist Tether  e e e e e 

Foot Res t r a in t  (I e e e a .. e 

Cover Removal e a a e a 

Force Receiver e e e . e e 

Force Receiver - Rear V i e w  e e e e e (I . . 
Transducer Arrangement e e e 

Torque Measurement e e a e e e e 

Hand Placement on Handle e e a . e e e e 

CuePanel  e e a e 

Prec i se  Hand Movement Task e e e e . e 

Schematic-Contact Detector  C i r c u i t  e /. 

Operat ional  Maintenance Task Module. I( e 

Schematic - Operational Maintenance Task e a e 

Limi ted  Access Panel - I n s t a l l e d  e e e I( 

Limited Access Panel  e e e e e e a e e 

Elec t ronics  Box Io 

Typical  D i g i t a l  C i r c u i t  Boards I. 

3-11 
3-13 
3-52 
3-53 
3-54 

3-71 

4-60 
4-61 
4-62 
4-74 
4-74 
4-76 
4-76 
4-77 
4-78 
4-79 
4-81 
4-81 
4-83 
4-83 
4-85 
4-86 
4-88 
4-88 
4-89 
4-89 
4-91 
4-91 
4-92 
4-93 
4-93 
4-94 
4-95 
4-96 
4-97 
4-99 
4-100 
4-103 
4-103 
4-104 
4-105 
4-106 
4-107 

X 



LIST OF ILLUSTRATIONS (Continued) 

FIGURE PAGE 

4-38 
4-39 
4-40 
4-41 

5-1 
5-2 
5-3 
5 -4 

6- 1 
5-2 
6 -3 
6 -4 
6-5 
6-6 
6-7 
6 -8 
6-9 

6-11 
6-12 
6-13 
6-14 
6-15 
6-16 

6- 10 

6-17 
6-18 

7- 1 
7-2 
7 -3 
7 -4 
7-5 
7-6 
7-7 
7 -8 

9-1 
9-2 
9 -3 
9 -4 

Typical  Analog C i r c u i t  Boards e e a e e e 

Power Consumption P r o f i l e  e e (I a e 

Schematic-Test Poin t  Command Logic e e e e a 

Observer's Panel e e e e e e e e e e 

Two-Hand Task Data Matrix e . e ., e e e 

Prec ise  Hand Movement Task Data Matrix e e e e e e e 

Force Emission Task Data Matrix e e . e e e e 

Force/Torque Task Protocol  e e . . .I e a 

Data Col lec t ion  Test  Setup ., . a e e e e e e e 

Two-Hand Coordination TaskTelemetry . e a e 

Prec ise  Hand Movement Task Telemetry e ., e 

Force/Torque Emission Task - Sust .  Force Example e 

Force/Torque Emission Task - Imp. Force Example e 

Force/Torque Emission Task - Prec ise  Force Example - 
One-G T e s t  Setup . a e . e e ., e e e 

One-G T e s t  - S u i t  Pressur iza t ion  & Communications e 

Action-Reaction, Free F a l l  Simulator e e (I e e e . 
Harness Assembly e . e I) . e e . e e e 

AES S u i t  i n  DOF Simulator e e I) a e . 
Waist Restraint/Harness R e s t r i c t i o n  e a e 

Shoulder Mobili ty R e s t r i c t i o n  e a e 

Controlled Buoyancy F a c i l i t y  e e . ., e e e ., e 

Neutral  Buoyancy Simulation Test Setup e e e e e 

Neutra l  Buoyancy Simulation Pressur iza t ion  - 
Communications ). e e e e e a e e 

Weight Harness e e a a e e a e ., a . (I 

Zero-Gravity Maneuver e e (I e e e e e I) e a 

DataForrnats e e e e e e (. e e e e e 

Sample P r i n t o u t  - Two-Hand Task a e 

Sample P r i n t o u t  - P r e c i s e  Hand Movement Task 
Sample P r i n t o u t  - Prec ise  Force Task e 

Sample Pr in tout  - Sustained & Impulse Force Task e e 

Sample P r i n t o u t  - Torque Emission Task e e 

Summary Data Chart Nos. 1 t h r u  6 (Forces). e a ., 
Summary Data Chart Nos. 1 thru  6 (Torques) e e e 

e 

Experiment 84A Underwater Apparatus e e e ., e 

Data Coding Sheet e e e e ,a e 

Experiment 84A' and B Data-Sample P r i n t o u t  e e 

Experiment 84A-Summary Data Chart Nos. 1 t h r u  12 

4-107 
4-108 
4-110 
4-114 

5-16 
5-18 
5-22 
5-24 

6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
6-9 
6-10 
6-12 
6-13 
6-14 
6-14 
6-15 
6-16 
6-17 

6-19 
6-20 
6-22 

7-2 
7-10 
7-12 
7-13 
7-15 
7-16 
7-27 
7-37 

9-4 
9-11 
9-12 
9-17 

x i  



LIST OF TABLES 

TABLE PAGE 

3-1  
3-2 
3 -3 
3 -4 
3 -5 
3 -6 
3 -7 

3-8 
3-9 
3-10 
3-11 

4- 1 
4-2 
4-3 
4-4 

4-5 

5-1  
5 -2 
5-3 

7 - 1  
7-2 
7-3 
7 -4 
7-5 
7 -6 
7-7 
7 -8 
7 -9 
7-10 

Reference Documents e e e e e 

EVA Functions, Tasks & Operations e ., e 

EVEA Study Task Breakdown (I 

Task Summarization e e e e e e e 

Factors  Affect ing Performance e a e e 

Quantif icat ion of Performance Factors e e e 

Reference Documentation f o r  IVA 
Task Evaluation e e e . e e (. e 

Astronaut Functions Required by Experiments Studied. 
IVA Task and Element Comparison e e e a e . 
Res t r a in t  Trade-off Matrix e e e e e e . e e 

Experimental Task Sequence a a . e e . a e 

Functional and Design Requirements e e (I e e e e e e 

Measurement Data - Nude e e e a e e 

ForceDa ta  e e e e e e e 

Task Times - Astronaut Performance Program 
F e a s i b i l i t y  Tests ,, e a e e a e e a e 

Telemetry Signals  e e ., e . e .) e e 

Questionnaire Rating Form ,, a e e e . 
Commanded P rec i se  Force Values a a e e 

Commanded P rec i se  Torque Values . I) e (I a I) e 

Experimental Condition Descriptive Codes e e e e 

Task Condition Descriptive Codes e e e a e e e e 

Force/Torque Type and Direct ion Codes 
Analysis Program - Input Routine e e e 

Results Summary - Precise  Hand Movement e e . e e 

Results Summary - Two-Hand Task e a a +, 

Results Summary - Precise  Force Task e e 

Resul ts  Summary - Sustained, Impulse Force Task 
Resul ts  Summary - Prec i se  Torque Task 
Results Summary - Sustained, Impulse Torque Task e e 

e 

e 

3-2 
3-4 
3-7 
3-20 
3-26 
3-33 

3-51 
3-58 
3-60 
3-69 
3-75 

4-2 
4-49 
4-51 

4-71 
4-111 

5-3 
5-20 
5-23 

7-1 
7-0 
7-6 
7-9 
7-18 
7-21 
7-23 
7-25 
7-35 
7-44 

x i i  



SECTION 1 

INTRODUCTION 

The purpose of t h i s  f i n a l  study repor t  is  t o  present  t h e  r e s u l t s  of t h e  work 

The program was performed during t h e  per iod Ju ly  1968 through February 
performed under Contract NAS9-8640, “Astronaut Zero Gravity Performance Evaluation 
Program”. 
1970 and encompassed: 

a. The d e f i n i t i o n  and prel iminary design of Experiment M508, EVA and IVA 
Hardware Evaluation, concerned with as t ronaut  worksi te  performance 

b,  The cons t ruc t ion  of two prototype models of t he  M508 Task Panel t o  
v e r i f y  design conceptss develop manufacturing procedures and t o  col- 
l ec t  simulated astronaut  worksi te  performance data.  

c. The conduct of Experiment M508 using var ious ground based zero-gravity 
s imulat ion modes. 

d, The c o l l e c t i o n  of add i t iona l  da ta  on man’s force  emission capab i l i t y  
t o  e s t a b l i s h  1-g and zero-g basel ines .  

The prepara t ion  and publ ica t ion  of a Handbook of Human Engineering 
Design Data f o r  Reduced Gravity Conditions, 

e. 

The Astronaut Zero Gravity Performance Evaluation Program w a s  designed t o  f i l l  a 
gap i n  our knowledge of man’s c a p a b i l i t i e s  t o  perform complex t a sks  i n  the zero- 
g rav i ty  environment, 
of the  major f a c e t s  o f  as t ronaut  performance while r e s t r i c t e d  t o  a l imi ted  work- 
s i te  area, 
and e n t e r  d i f f e r e n t  r e s t r a i n t  concepts, remove panels  and covers asso ica ted  with 
gaining access t o  a work area, performance of s p e c i f i c  tasks  designed t o  eva lua te  
the  i n t e r a c t i o n s  between bas i c  psychomotor behaviors and t h e  parameters of t he  
EVA/IVA, zero-gravity environment and equipment. 

The r e s u l t a n t  experimental program involved an  evaluat ion 

The program involved evaluat ion of t he  e f f o r t s  required t o  i n s t a l l  

The t o t a l  program e f f o r t s  and r e s u l t s  are summarized i n  Volume I ,  Summary 
Report and presented i n  d e t a i l  i n  Volume 11, Detai led Technical Report, Volume 
I11 cons i s t s  of t he  Handbook of Human Engineering Design Data f o r  Reduced Gravity 
Conditions and i s  an e n t i r e l y  independent document s u i t a b l e  f o r  d i s t r i b u t i o n  by 
NASA as a bas i c  handbook. 
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SECTION 2 

PROGRAM SCOPE 

This program w a s  designed t o  broaden the  knowledge base concerning man's 
a b i l i t y  t o  perform use fu l  work i n  a zero-gravity environment. The approach i n  
t h e  at ta inment  of t h i s  goa l  involved a three-pronged e f f o r t .  The f i r s t  element 
involved the  de f in i t i on ,  prel iminary design and conduct of Experiment M508, an 
experimental program t o  provide da t a  on astronaut  o r b i t a l  EVA and IVA worksi te  
performance capab i l i t y  and support hardware. The objec t ives  of t h i s  experiment 
were t o  provide: 

a. Corre la t ion  of ground-based s imulat ion with in - f l i gh t  conditions. 

b, Quant i ta t ive  human worksi te  performance capab i l i t y  under zero 
g rav i ty  conditions. 

c, Comparative evaluat ion of IVA/EVA r e s t r a i n t s ,  t oo l s ,  and pressure 
s u i t s .  

The second element involved the  conduct of an experiment f o r  t he  co l l ec t ion  
of one-g base l ine  and zero-g s h i r t s l e e v e  force  emission data  through t h e  use of 
n e u t r a l  buoyancy s imulat ion techniques. This provides da ta  t o  supplement those  
ava i l ab le  from t h e  force-emission experiment (Experiment 84) conducted under 
Contract NAS8-18117 f o r  t he  NASA/MSPC, 

The t h i r d  element involved t h e  cont inuat ion and completion of t h e  handbook 
a l s o  i n i t i a t e d  under Contract NAS8-18117. 
Design Data f o r  Reduced Gravity Conditions provides ava i l ab le  subgravi ty  perform- 
ance da t a  t o  the  designers  of spacecraf t  and was a l s o  used as input  da t a  f o r  t h e  
experiment d e f i n i t i o n  and system design e f f o r t  above. 

This Handbook of Human Engineering 

The scope and r a t i o n a l e  of Experiment M508 meri ts  f u r t h e r  considerat ion and 
is  adequately descr ibed i n  the  e a r l y  experiment d e f i n i t i o n  and implementation 
p lans  t h a t  are quoted below: 

The most important end objec t ive  w i l l  be t h a t  associated with t h e  
comparison between t h e  r e s u l t s  of f l i g h t  and s imulat ion tests, be- 
cause s imulat ions are the most productive sources of information 
ava i l ab le  t o  gulde t h e  design work required f o r  f u t u r e  missions. 
P r a c t i c a l l y  any s p e c i f i c  t a s k  can be simulated, and thus,  the  most 
f r u i t f u l  human engineering experiments f o r  the  near  fu tu re  w i l l  be 
ones t h a t  he lp  t o . e s t a b l i s h  how the  r e s u l t s  of s imulat ions relate 
t o  experience i n  a c t u a l  f r e e  f l i g h t ,  
amount of experimentation 
w i l l  be  mul t ip l ied  many f o l d  i f  t h e  r e s u l t s  y i e l d  general ly  appl i -  
cab le  conclusions on how t o  conduct and analyze s imulat ions t o  ob- 
t a i n  v a l i d  information about how t o  work e f f i c i e n t l y  and s a f e l y  i n  
space. Therefore, the  tests se l ec t ed  f o r  the  M508 Experiment are 
ones t h a t  are expected t o  reveal general  r e l a t i o n s  between tests 
i n  real and simulated weight lessness ,  r a t h e r  than f a i t h f u l  imi ta t ions  
of an t i c ipa t ed  opera t iona l  tasks  

11 

The value of the  l imi ted  
t h a t  can be performed i n  the  AAP mission 

Experiment M508 is  comprised of a sequence of four  bas i c  human engineering 
t a sks  designed t o  measure man's c a p a b i l i t i e s  f o r  fo rce  exer t ion ,  eye-hand co- 
ord ina t ion  and manual dex te r i ty  i n  an EVA and IVA environment. 
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The task sequence designed for this experiment is based on an operational 
analysis of 16 fundamental EVA experiments which were distilled from an entire 
spectrum of actual and predicted extravehicular activities. 
basic operations identified by the analysis have been included in the M508 task 
sequence, although it does not closely approximate any of the experiments sug- 
gested in the study, 

All of the important 

With the four basic tasks configured into a single task panel, two subjects 
each performed the complete task sequence twice under six experimental conditions: 
three suit conditions (shirtsleeves, and operational and developmental pressure 
suits) and three modes of physical restraint. 
to record quantitative data on forces, torques, accuracy, etc., for each of four 
simulation modes, including 1-G, Neutral Buoyancy, KC-135 Zero-G aircraft and 
6 DOF mechanical simulator. 

The tasks were suitably instrumented 
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SECTION 3 

EXPERIMENT DEFINITION AND TASK SEQUENCE DEVELOPMENT 

The first task of the Astronaut Performance Program was the generation of 
an experimental task sequence which would measure and yield data on manned per- 
formance capabilities in a zero-gravity environment. It was furthermore desired 
that this task sequence be adaptable for performance in a simulated EVA--speci- 
fically, that it be performed inside the Orbital Workshop as Experiment M508. 

This section will describe the work performed which resulted in a prelimi- 
nary task sequence to meet these objectives, Basically, the study involved a 
detailed examination of various references and input data, summarization of the 
information in these references, filtering based on frequency and/or criticality, 
and, finally, development of a functional flow block diagram of a candidate ex- 
perimental sequence. 

3,l STUDY INPUT DATA ANALYSIS 

3 1 1 REFERENCE DOCUMENTS 

An assortment of references dealing with simulation, specific experiments 
requiring EVA, and EVA in general was collected as input data to the Astronaut 
Performance Program. These references are listed in Table 3-1. 

The input data was closely scanned to identify all human performance activ- 
ities which, at least conceptually if not directly, could constitute manned 
extravehicular tasks. This list served as a source of candidate tasks and as a 
check list to insure completeness of the ultimate experimental task sequence. 

Particular attention was paid to the study of Extravehicular Engineering 
Activities by North American Rockwell Corporation (Reference #l3) e This study 
comprises an exhaustive look into the requirements for EVA capabilities needed 
to perform various experiments for the 1968-1980 time period, 

3.1.2 EVA TASK DETERMINATION 

The reference documents were scanned to extract any items which hint of 
These items are attached as Tables being a planned or conceived EVA qqtask"e 

3-2 and 3-3, The reference numbers indicate the source of each item and corre- 
spond to the numbers of the reference documents listed in Table 3-1. 

The items listed in Table 3-2 are noted as Functions, Tasks or Operations. 
This breakdown is purely subjective and is not intended to denote any signifi- 
cance as a classification scheme. The authors of the various study input docu- 
ments tend to use the word "task" synonymously, but inspection of the list shows 
that different comprehensive levels of performance are actually identified. 
"Function" is intended to serve as the most comprehensive category of performance 
items, and "operation" the least comprehensive, or most elemental, The designa- 
tions, then, are used simply because it would be improper to label all the items 
as "tasks" 



TABLE 3-1 REFERENCE DOCUMENTS 

1. Manned Extravehicular Activities - Hamilton Standard, circa 1964, 
Useful for specific task suggestions, 

2. Design, Fabrication and Installation of a Six-Degree-of-Freedom Space 
Maintenance Simulator - A. E. Holmes, Martin, April, 1965. 

3.  The Effectiveness of Weightless Simulators (For obtaining maintainability 
criteria for space systems) - C. B. May, Sept., 1967. 

Discusses simulation modes: 
KC-135 
Underwater 
6 Degree-of-Freedom (Same as in Reference 2) 

Specific task simulated: 
bolt instrumented with Torque-force transducer. 

Space power tool and ratchet hand tool described. 

tightening a bolt, wearing G-4C suit; 

4. EVA Simulation for Design Verification - John Duddy, Lockheed, Sept,, 
1967 

Discusses EVA requirements for ATM. 

5, Maintenance in a Weightless Environment - C. B. May, March, 1965, 
Overview paper on maintenance equipment such as AMU, RMU and 

Describes Minimum Reaction Power Tool. 
Space Shuttle. 

6. Study of Astronaut Capabilities to Perform Extravehicular Maintenance and 
Assembly Functions in Weightless Conditions - Garrett, Sept., 1967. 

Three major sections : 
l., Analytical Studies 

Diving Physiology 
Task Taxonomy 
EVA Task Classification Charts 
Mathematical Model of Underwater Simulation (with computer 

programs) 
2,  Facilities and Apparatus 

Underwater Simulation Facility 
Mock-ups, Locomotion Aids, Restraints 
Tools-Off-the-shelf and specially-designed fasteners 

Maintenance 
Assembly of Beams 
Assembly of Panels 
Assembly and Erection of Rigid Modules 
Assembly and Erection of Inflatable Modules 

3, Tasks 

Test Plan (for representative purposes) also available. 
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TABLE 3-1 REFERENCE DOCUME~TS (Continued) 

7, 

8 .  

9. 

10. 

11 * 

12 e 

13 

14 e 

Operator/Tool Interface Problem Areas for Space Maintenance 
5 Degree-of-Freedom Simulator 
Typical work performance task board described 

Summary of Gemini EVA - June, 1967, 
Notable areas of information: 

Life Support 
Tasks 
Restraints 
Maneuvering Units 
Simulation and Training 

EVA Design Criteria - Crew Systems Division, MSC, circa 1967. 
Tabulates EVA equipment system parameters. 

Study of Extravehicular Protection and Operations - June, 1967. 
General EVA information. 

"Appendix I - EVA Task Analysis" 
Suggests specific orbital operations and tasks. 

AAP-2 Astronaut Review Outline 
General information on OWS, MDA. 
Locates M508 in AAP scheme. 

Extra-Vehicular Engineering Activities (EVEA) Program Requirements Study - 
North American Rockwell, May, 1968. 

This study comprises an exhaustive look into the requirements for 
EVA capabilities needed to perform various experiments planned for 
the 1968 to 1980 period, 

- Summary Technical Report 
- Detailed Technical Report 

The study is reported in several volumes: 
Volume I 
Volume I1 
Appendix A - EVA Transfer, Locomotion, and Rescue Experiment 
Appendix B 
Appendix C 
Appendix D - Linkages 

Definition 
- Work Performance Experiment Definition - Scientific and Technical Experiments Baseline 

Experiment Implementation Plan for Experiment M508, Astronaut EVA Hardware 
Evaluation - Crew Systems Division, MSC, NASA, March, 1968, 
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TABLE 3-2 EVA FUNCTIONS, TASKS & OPERATIONS 

8 
H 
E-i 

8 

3 
El 

8 
E 

Fil 
V 

Fr 
El cc 

1. 
1. 
1, 

3 .  
3, 
3. 
3, 
3 .  

4 .  

7, 
7, 
7. 
7. 
7. 

6 ,  
6 ,  
6 .  
6.  
6. 
6 ,  
6. 
6. 
6 .  
6, 
6 ,  
6, 
6 ,  
6 ,  
6.  
6, 

6 ,  

H 

2 g 
ITEM - 

Plumbing Leak Correction 
Patching 
Sealing 

Position Self at Site 
Attach Restraint 
Prepare Tools 
Tighten, Loosen Bolt 
Stow Tools 

ATM Film Cassette Removal 

Remove & Replace Screws 
Remove & Replace Amphenol Connector 
Remove & Replace 318" Hex-Nut 
Remove & Replace Plate 
Disassemble & Reassemble Hydraulic Joints 

Engage Restraint 
FasteD Tool Kit 
Remove Four Bolts in Access Panel 
Clamp Panel to Spacecraft Mock-up 
Turn-off Valve on Tubing 
Cut Wires to Maintenance Box 
Disengage Tube with One Wrench 
Disengage Tube with Two Wrenches 
Remove Two Bolts to Maintenance Box 
Remove Maintenance Box & Secure to SIC Mock-up 
Position Access Panel in Opening 
Finger Tighten Bolts in Access Panel 
Tighten Bolts in Access Panel with Wrench 
Punch Rivet on Top of Maintenance Box 
Drill out Rivet 
Remove Top from Maintenance Box & Fasten to 

Remove Switch from Maintenance Box 
SIC Mock-up 

X 
X 
X 

X 
X 
x x  

X 

X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 
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TABLE 3-2 EVA FUNCTIONS, TASKS & OPERATIONS(Continued) 

6 ,  
6 ,  
6 .  
6. 
6 ,  

GEMINI FLT. #: 6 ,  
6 ,  

XI 8. 
XI, XI1 8. 
IX-A, X, XI 8, 
IX-A 8. 
XI1 8 .  
XI1 8, 
XI1 8. 
XI I 8. 
XI1 8. 

Replace Switch in Maintenance Box 
Strip Insulation from Wires 
Loop Two Wires & Place Under Screws 
Disengage Pipe 
File Notch 
Saw Bar 
Cut Bolt 

Remove 7 in Velcro Strip 
GATV Tether Attachment to S/C Docking Bar 
Deploy /Retr ieve Experiment Package 
Unstow & Extend AMU Controller Arm 
Unstow & Install Telescope Handrail 
Deploy Experiment Package 
Connector Operations 
Cutting Operations 
Remove 200 in *Velcro Strip 

ORBITAL OPERATIONS 
Maintenance & Repair 

10. Component and Module Replacement 
10. Electrical and Electronics Maintenance 
10. Fluid and Gas System Maintenance 
10. Propulsion System Maintenance 
10. Mechanical System Maintenance 
10. Structural System Maintenance 

ASSEMBLY OPERATIONS 

10. Minor Assembly & Erecting 
10, Assembly of Large Structures 
10, Positioning & Connecting Large Modules 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
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TULE 3-2 EVA FUNCTIONS, TASKS & OPERATIONS (Continued) 

FOCAL LENGTH CHANGE ON TELESCOPE: 

10 * 
10 0 

10 D 

10 0 

10 * 
10 
10 0 

10 0 

10. 

11 D 

11 0 

11 e 

11 0 

11 * 
11 e 

11 D 

11 0 

11 0 

11 e 

11 e 

11 0 

11 1) 

11 B 

11 0 

11 * 

Secure Work Pack 
Detach Connections to Work Pack 
Set Up TV Monitor 
Connect Power & Comm. Lines 
Turn on Lights 
Activate Door Opening Mechanism 
Connect Restraint 
Disconnect & Secure F15 Mirror Stowage Clamps 
Position & Secure F15 Mirror 

Install & Align Cameras 
Deploy/Retrieve Meteoroid & Emulsion Panels 
Retrieve & Replace Film Cannisters 
Change Camera Filters & Exposure Time 
Retrieve S/C Components for Return & Analysis 
Installation of External Umbilicals from One 
Module to Another 

Solar Panel Deployment 
Inspect ion 
Replacement of Faulty Section of Solar Panel 
Replacement of Thermal or Radiation Shields 
Replacement of Radiator Segments 
Clean Optical Surfaces 
Realignment of Orbiting Telescopes 
Replace Module Components 
Repair Damage Done by Micrometeorite 
Measure 

X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
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TABLE 3-3 EVEA STUDY TASK BREAKDOWN 

EXPERIMENT FUNCTION 

1. 80-cm Solar Telescope 

2, EMR Payload 

3 ,  1-Meter Telescope 
(APEP ) 

Initial Inspection h System Checkout 

Perform EVA Actuation of Focus Mechanism 
Replace Defective Electronic Module 
Retrieve Film Cassettes 

(Usually IVA) 

EMR Visual Inspection 
Replace Modular Instrument 
Retrieve Film Cassettes 

Visual Inspection 
Remove h Replace Film Cassette 
Remove and Replace Electronic Module 
Replace Drive Mechanism 
Replace Thermostatic Control Device 

4 .  1-Meter Non-Diffraction Initial Checkout & Inspection of Telescope 
Limited W Telescope (Usually IVA) 

Change Film Cassettes 
Remove & Replace Electronic Module 

5, X-Ray Focusing 
Telescope 

6, 10 KM Interferometer 

Correct Deployment Malfunction 
Remove Turret Restraints 
Align Laser System 
Free Wheel h C/O Turret 
C/O Lens Alignment 
Monitor Data Link Response 
Replace ACS Units 
Replace Solar Panels 
Replace Sensors 
Replace Batteries 

Correct Deployment Malfunction 
Correct Flight Control Malfunction 
Replace 8 Solar Panels 
Replace 6 Dipole Modules 
Refuel ACS Tanks 
Replace Batteries 
Replace ACS Regulators 
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TABLE 3-3 EVEA STUDY TASK BREAKDOWN (Continued) 

7, 

8. 

9.  

10 0 

11 * 

EXPERIMENT 

Long-Boom Interferometer 

30-45 Motor Antenna 

Effect of Space Environment 
on Bacterial Spores 

Soft Capture & Culture 
of Microorganisms 

Multipurpose Biological 
Package 

12. Primate Module 

13, Spacecraft Physical 
Environment 

FUNCTION 

Remove Boom Gimbal Supports 
Assemble Antenna Heads 
Checkout Boom Drives 
Checkout Alignment System 
Replace Drive Motors Change Antenna Heads 
Change Antenna Heads 

Predeployment Inspection 
Correct Deployment Failures 
Inspect Reflector & Truss 
Adjust Mesh, Webbing 
Adjust Knee Supports 

Deploy Container Boom 
Retrieve Container Boom 
Repair Deployment Mechanism 
Cover Spore Container 

Deploy Container Boom 
Retrieve Container Boom 
Repair Deployment Mechanism 
Cover Spore Container 
Remove Protective Shroud 

Transfer Experiment Modules 
Install Experiment Modules 
Connect Power/Life Support 
Refurbish Biological Modules 
Disassemble/Retrieve Modules 
Correct Deployment Failures 

Replace TLM Pack 
Replace ACS Valve/Regulator 
Replace Batteries 
Replace LSS Fan 
Replenish ACS Propellant 
Replenish 02 - N2 
Install Subsatellite Sensors 
Checkout Sensor Modules 
Deploy/Retrieve Subsatellite 
Replace Sensor Modules 
Retrieve External Panels 
Operate Hand-Held Sensors 
Deploy Meteorite Detectors 



TABLE 3-3 EVEA STUDY TASK BREAKDOWN (Continued) 

EXPERIMENT 

14. Conjugate Aurora 
and Airglow 

15. Large Structures 
Deployment 

16. Earth Orbital 
Space Station 

FUNCTION 

Magnetometer Boom Repair 
Accelerometer Mount Repair 
Equipment Rack Repair 
Replace Defective Spectrometer 

Remove Launch Support Structure 
Install Tip Alignment Equipment 
Photograph Deployment 
Replace Drive Motors 
Adj ust/Align Boom Tips 

Deploy Cargo Transfer Device 
Transfer Cargo 
Visual Inspection - EOSS 
C/O Power & Life Support Systems 
Subsystems Troubleshoot 
Solar Panel Deployment 
Antenna Deployment 
Repair Meteoroid Punctures 
Replace Airlock Hatch Drives 
Repair Hatch Seals 
Replace ACS Head Assembly 
Emergency Crew Transfer 
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3.1.2,l NAR EVEA 

Table 3-3 contains the "Tasks" identified in the North American EVA report. 
(Per the notation discussed above, these are actually identified as "Functions".) 
The experiments from which the items were derived are also listed. 
tions were tabulated in the EVA Data Matrix of the NAR seport, and various phys- 
ical parameters defining the function are identified. Analysis of these parame- 
ters reveals the following: 

These func- 

o 85% of the functions will require 3-4 hours for completion, 

o Of the functions requiring mass handling, 65% will deal with modules 
weighing from 5 to 25 lbs., with 20 lbs. being the most predominant 
size; the remaining 35% range from 30 to 350 lbs. 

o 

o Medium forces (which are not defined) a fine-manipulation capability, 

A 2 foot reach envelope capability is required for 74% of the functions. 

and arm-length access depth are required for a majority of the functions. 

In the study, 1212 experiments were identified and examined for potential 
EVA requirements. Approximately one-half of these required some degree of EVA 
support to satisfy the particular experiment objectives. 
experiments were examined in detail because they required EVA support and were 
planned for the time period of principal interest, 1971-1974. 
ments included many redundancies and common functional requirements which were 
eliminated by further filtering, leaving 102 experiments for consideration. 
Finally, 16 experiments were selected as representative and investigated in 
detail for the specific EVA function required. 
sis which resulted in the selection of the 16 experiments. 

Two-hundred and eighty 

These 280 experi- 

Figure 3-1 illustrates the analy- 
The 16 experiments 

are: 

1. 
2, 
3. 
4 .  
5. 
6. 
7. 
8. 
9. 
10 e 
11 a 

12 D 
13 
14 
15 e 
16 

ATM/8O-cm Solar Telescope 
One-Meter Non-diffraction Limited Telescope 
One-Meter Telescope, Advanced Princeton Experiment Package 
X-Ray Focusing Telescope (30-inch Grazing Incidence) 
Electromagnetic Radiation Payload (Option B) 
10 KM Interferometer 
Soft Capture and Culture of Microorganisms in Near-Earth Orbit 
Effect of Space Environment on Bacterial Spores 
Primate Biomodule ("Bio A") 
Multipurpose Biological Package 
45-Meter Antenna Technology and Large Power Supply 
Long Boom Interferometer 
Spacecraft Physical Environment 
Conjugate Aurora and Airglow 
Large Structures Deployment 
Earth Orbital Space Station 
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FIGURE 3-1 NAR EVEA STUDY 
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3,1,2,1 NAR EVEA (Continued) 
Eighty-four EVA functions were identified for the performance of these 16 

experiments. 
of Volume I1 of that report, Also included in this matrix are the corresponding 
EVA performance requirements. 

All 84 functions are listed in the "EVA Data Matrix" - Table 40 

Twenty-nine of these 84 functions were selected. It was felt that these 
29 functions fully represented the astronaut work performance requirements for 
the original 84. It was this detailed description of the 29 functions that 
served as a starting point for the present study. 

The report states that there are many optional ways of performing these 
tasks. 
Building Blocks permit a nurllerical categorization of EVA Functions, Sub-Functions, 
Techniques, Equipment and Gross Performance Measures. A logical combination of 
all these factors describe an EVA activity. 

All these options were tabulated under the title of "Building Blocks". 

Eighty-eight logical combinations of Building Blocks are identified in the 
report, 41 of which belong to the Work Performance function. 

Of the 88 combinations, 22 are found to account for 90% of all EVA identi- 
fied in the 16 experiments studied. 
ance Function, and the Work Performance Experiment is based on these 10. The 

Ten of these 22 belong to the Work Perform- 

10 items 

1. 
2. 
3. 
4. 
5 ,  
6. 
7 .  
8.  
9. 

10 * 

are listed below: 

Astronaut positioning, handholds only. 
Astronaut positioning, waist restraints only. 
Astronaut positioning, foot and waist restraints. 
Light (under 20 pounds) equipment, temporary positioning. 
Heavy (20-300 lbs e )  equipment temporary positioning. 
Unassisted astronaut force application, handhold restraint only. 
Unassisted astronaut force application, foot and waist restraints. 
Unassisted astronaut force application, SMU plus special restraints, 
Mechanically assisted astronaut force application, foot and waist 
restraints 
Unassisted astronaut observation, 

3,2 TASK ANALYSIS 

In order to keep track of the information generated, an Experiment Descrip- 
tion form was prepared, and is illustrated in Figures 3-2a through 3-2f, 

The first important heading in the Experiment Description sheet is the 
"EVA Task Description" (Figure 3-2a). 
tion being performed by the astronaut is detailed in a step-by-step procedure. 
Since the primary interest was in performance at a stationary worksite, transla- 
tion and egresslingress functions were not broken down into fundamental move- 
ments, All astronaut actions, however, which do take place at a worksite are 
listed in a sequential order. 

Under this heading., the particular func- 
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3,2 TASK ANALYSIS (Continued) 

The remainder of the form details support equipment and interface equipment 
which is used in performing the EVA task, Restraint requirements are defined 
in terms of functional capabilities which are required. 
envelope, visual acuity, access requirements, tool requirements, and expected 
man-equipment interfaces. Much of this information is based on subjective i'nter- 
pretation of the experiment description, However, the reliability of information 
is probably very good, since interpretation is based on current, state-of-the-art 
conceptions of experiment hardware. 

Also noted are work 

Figure 3-2b defines the equipment being handled and the restraint require- 
ment s .  

Figure 3-2c defines the work envelope, and sensory performance requirements. 

Figure 3-2d defines the access requirements. 

Figure 3-2e identifies the tool requirements. 

Figure 3-2f defines additional man/machine interface requirements. 

After completing 28 such forms, there existed a comprehensive data bank from 
which to select the experimental sequence, but in order to be more useful, the 
data was summarized. 
quency counts, criticality or importance. 

In this way, "typical tasks" were determined based on fre- 

Table 3-4 presents a listing of all tasks which were included in the step- 
by-step breakdown of EVA functions from the North American Rockwell report, The 
wording of these tasks is precisely as was used in formulating the detailed pro- 
cedures. No attempt was made here to combine tasks on the basis of commonality, 
since it was felt that such combination might result in lost information, 

Comparisons were made across experiments to discover the frequency of occur- 
rence of each task item. The first column of Table 3-4 lists the total number 
of times an item was encountered. The second column lists the total number of 
experiments in which an item was encountered. It is a combination of these two 
columns which constitutes a "high frequency" occurrence of an item, since con- 
sidering total occurrences above might yield an item with "many" occurrences but 
which was germane to only one experiment and therefore not "typical" of EVA 
requirements. 

The remaining columns of Table 3-4 list those items which are determined 
to be desirable or undesirable for evaluation, and the reasons for such decisions, 
Three justifications are considered to determine the desirability of a task, 
First, a task may be desirable on the basis of a high frequency of occurrence, 
In order to qualify a task as desirable on this basis, an individual item had 
to satisfy at least one of the following arbitrary criteria: 
frequency of occurrence of 10 or more (the mean number of occurrences per item 
in Table 3-4 is 9,3), or (b) occur in at least 7, or 25%, of the experiments 
detailed 

(a) exhibit a total 

3-19 



TABLE 3-4 TASK SUMMARIZATION 

Install Restraints 
Detach & Stow Restraints 
Restrain Self 
Reposition Self 
Release Self 
Secure Cargo Harness 
Release Cargo Harness 
Open Hatch 
Close Hatch 
Attach Equip, Tether 
Release Equip. Tether 
Release Cassette Latch 
Unscrew Three Captive Screws 
Release Three Instrument Lugs 
Release Pip Pins 
Remove(Stowed) Foot Restraints 
Remove(Stowed) Solar Panel Rack 
Remove(Stowed) Handheld Sensors 
Remove (Stowed) Cargo Transp 
Remove(Stowed) Cargo Module 

Remove(Stowed) ACS Units 
Remove(Stowed) AMU 
Remov- (S towed) Umbilical Lines 
Remove Module 
Remove Camera 
Remove Cassette 
Remove Solar Panel 
Remove Fastener 
Remove Launch Supports 
Position Focus Plate 
Remove Focus Plate 
Remove Module from Container 

Guide Tether 

v1 
W 
U 

$ 3  ! 
H W  o u  
E-co 

63 
63 
91 
23 
91 
48 
48 
37 
36 
88 
88 
1 
1 
1 
3 
1 
1 
1 
3 
1 

2 
4 
3 
16 
2 
9 
6 
1 
1 
1 
1 
1 

n 
tZ-2- - w o 3  
BE: 
$ 5 2  o m  

P c ; -  
"l.3 x" !sa 

28 
28 
28 
10 
28 
16 
16 
20 
19 
19 
19 
1 
1 
1 
3 
1 
1 
1 
3 
1 

1 
4 
2 
7 
2 
4 
1 
1 
1 
1 
1 
1 

DESIRABILITY 

DESIRABLE NOT DESIRABLE 

rl 
H 

a q 
3 8  

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 
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TABLE 3-4 TASK SUMMARIZATION (Continued) 

I n s t a l l  Module i n  Container 
Attach Cassette t o  Cargo 

Attach Foot R e s t r a i n t s  t o  

Attach Solar  Panel Rack t o  

Attach Module t o  Cargo Harness 
Attach Handheld Sensors t o  

Release Cassette from Cargo 

Release Module from Cargo 

Release Foot R e s t r a i n t s  from 

Release Handheld Sensors from 

Restrain Cassette 
Res t ra in  Module 
Res t ra in  C a m e r a  
Res t ra in  Fan 
Restrain S o l a r  Panel 
Res t ra in  Fastener  
Restrain Launch Supports 
Release Solar  Panel from 

Release Module from R e s t r a i n t  
Release Launch Supports from 

Release Cassette from R e s t r a i n t  
Release Camera from R e s t r a i n t  
Release Fan from R e s t r a i n t  
Release Fastener  from R e s t r a i n t  
Obtain Boom from Cargo Harness 

Harness 

Cargo Harness 

Cargo Harness 

Cargo Harness 

Harness 

Harness 

Cargo Harness 

Cargo Harness 

R e s t  r a i n  t 

R e s t r a i n t  

1 1 
9 4 

1 1 

1 1 

12 5 
1 1 

6 3 

1 2  5 

1 1 

1 1 

6 3 
8 5 
2 2 
2 1 
6 1 
1 1 
1 1 
6 1 

8 5 
1 1 

6 3 
2 2 
2 1 
1 1 
1 1 

DESIRABILITY 

DESIRABLE NOT DESIRABLE 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
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TABLE 3-4 TASK SUMMARIZATION (Continued) 

Obtain Exp. Pkg. from Cargo 5 
Harness 

Compound 
Obtain Tube of Filler 1 

Obtain Plug & Tool 1 
Obtain Drill 1 
Attach Transporter End 7 
Detach Transporter End 3 
Attach i'4odule to Transporter 6 
Release Solar Panel from Rack 14 
Release Transporter Roll-up Ties 1 
Operate Gas Bottle Valve 2 
Adjust Transporter Tension 3 
Operate Tranaporter 6 
Insert Power Tool 2 
Drill Hole 1 
Operate Power Tool 1 
Remove Power Tool 1 
Secure Drill 1 
Secure Tube 1 
Insert Plug & Tool 1 
Fill Hole 1 
Install Panel 14 
Inst all Cassette 6 
Latch Cassette 1 
Install Module 14 
Install Camera 2 
Install Boom 1 
Install Exp. Pkg. 6 
Install Fan 1 
Install Fastener 1 
Make Electrical Connection 12 
Break Electrical Connection 12 
Activate Motor 4 

DESIRABILITY 

DESIRABLE NOT DESIRABLE 

2 

1 

1 
1 
4 
2 
4 
2 
1 
1 
3 
4 
2 
1 
1 
1 
1 
1 
1 
1 
2 
3 
1 
6 
2 
1 
3 
1 
1 
4 
4 
1 

X 

X 

X 

X 
X 

X 
X 
X 

X 

I( 
X 

X 

X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

X 
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TABLE 3-4 TASK SUMMARIZATION (Continued) 

Activate Electr ical  System 
Activate L i fe  Support System 
Energize Switch 
Checkout Electrical  System 
Checkout L i f e  Support System 
Rotate Shaft  
Rotate Turre t  
Observe (Fine) 
Observe (Gross) 
Attach Hose t o  Connector 
Detach Hose from Connector 
Make Sensor Measures 
Adjust Antenna Mesh 
Discard Module 
Extend Boom (Crank) 
P u l l  Lanyard 
Secure Lanyards 
Don AMU 
Doff AMU 
Stow Equipment 
Stow Lanyard & Shroud 
Stow Transporter  
stow AMU 
Stow Hose 
Stow Package 
Inspect  

EA 
w 
V 

4EJ ! 
H V  o v  
H O  

2 
2 
3 
2 
2 
2 
1 
1 

11 
10 
LO 
27 
1 
1 
1 

15 
4 
4 
4 
1 
6 
1 
4 
3 
1 
6 

n 
$ 2 -  - wco 

BE: 
o m  

1 
1 
1 
1 
1 
2 
1 
1 
5 
2 
2 
1 
1 
1 
1 
2 
1 
4 
4 
1 
2 
1 
4 
2 
1 
1 

DESIRABILITY 

DESIRABLE NOT DESIRABLE 

X 

X 
X 

X 
X 
X 

X 
X 

X 

X 
X 
X 
X 

X 

X 
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3.2 TASK ANALYSIS (Continued) 
Second, a task may be desirable based on its importance and/or uniqueness, 

A task item was considered "important" because of its criticality to successful 
completion of an experimental EVA function, or because of its anticipated exist- 
ence in future EVA. 

Finally, a third column is included to note those task items, which, while 
not necessitating evaluation per se, are nevertheless desirable and are evaluated 
by virtue of commonality with other, more desirable tasks, 

Task items are classified as "Not Desirable" for evaluation either because 
the Task (1) is not seriously affected by 0-g, restraints, or suits, or (2) 
cannot be suitably evaluated inside the Orbital Workshop, or (3)  does not con- 
stitute "performance at a worksite". 

3,2.1 CANDIDATE VARIABLE ANALYSIS 

In addition to the Task Summarization efforts described above, the remainder 
of the information contained in the Experiment Description Sheets was analyzed 
and evaluated to derive potential experimental variables. These data were evalu- 
ated for the purpose of identifying potential independent and dependent variables 
for manipulation and measure in the experiment program. 
this time to develop specific variables or measures; rather, the aim was to 
specify the types and ranges of the potential experimental condition combinations 
and measures. 

No attempt was made at 

The most significant results of this effort are summarized below. 

o Mass Handling - The most commonly encountered masses were those 
described as "cassettes" or "modules". 
was essentially tri-modal, with peaks at about 12, 40, and 70 
pounds e 

The distirbution of weights 

o Restraint Requirements - Two combinations of restraint rigidity, hand 
freedom, and mobility required were frequently needed: either high 
or nominal rigidity, combined with two-hand freedom, and a require- 
ment for some mobility (usually consisting of the capability to 
reposition the astronaut's cg by 3-4 feet). 

o Work Envelope Requirements - As was expected, a two-hand reach capa- 
However, bility to optimum depths, height and width was required. 

an extended-depth reach was also frequently encountered. 

o Visual Acuity Requirements - A full range of acuity requirements was 
found e 

o Motor Activity Requirements - Nominal, 
o Cutaneous Requirements - Low, 
o Access Requirements - Requirements for two-hand access up to 20'' and 

greater than 20" occurred with almost equal frequency, 



3.2.1 CANDIDATE VARIABLE ANALYSIS (Continued) 

o Tool Requirements - A T-Wrench, a crank, and a ratchet wrench seemed 
Also, a cargo harness and to have the most general applicability, 

equipment tethers were frequently used. 

o ManfEquipment Interface (No Tools) - Most commonly encountered items 
were: Switches - Push-button and lever. 

Connectors - Bayonet and thread-assist. 
Fasteners - Slide and lever, 

3 .3  FACTORS AFFECTING EVA PERFORMANCE 

Since the purpose of this program is the qualitative and quantitative 
assessment of astronaut performance as a function of weightlessness, pres- 
surized space suits, various restraint methods, etc., the effects of those 
characteristics must be identified and delineated to determine their effects on 
task sequences, experimental and test hardware design. Also, potential inter- 
action effects between the primary variables which might influence astronaut 
performance were to be specified. 

It was recognized that all of the parameters which were discussed could not 
be incorporated into the program. 
each of the identified effectors of performance in order to provide an adequate 
documented rationale to support the inclusion or exclusion of the various poten- 
tial performance effectors in question, 

However, consideration had to be given to 

Selection of the experiment test parameters was further constrained by the 
limits imposed by the vehicle, power, volume, mass and flight programming allo- 
cations available as well as the physiological and psychological capabilities 
of the flight crew, It was essential that all potential constraints be dili- 
gently identified and quantified and that appropriate trade-offs be performed 
and documented to provide justification for the "final" selected. test program. 
Further, constraints imposed on the experimental design by the required psycho- 
physiological and psycho-motor condition of the flight crew had to be defined 
and documented. 

Five general categories were considered to affect astronaut work performance: 

1, Pressure Suits 
2. Restraints and Mobility Aids 
3 .  Geometry 
4 .  Hardware Interfaces 
5, Environment 

In Table 3-5 these general areas are broken down into more detail to obtain 
a clearer picture of the behavior elements affect by each factor, 

In Table 3-6 an attempt was made to quantify or provide a dimensional range 
to those factors, 
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T U L E  3-5 FACTORS AFFECTING PERF0 

BEHAVIOR 
ELEMENTS 

PERFORMANCE 

1.0 PRESSURE- SUITS 
1.1 Suit Types 

a. Hard Suits 
b. Soft Suits 
c. Extravehicular 

1.2 Suit Des, Charact. 
Garments 

a, Work/Reach 
Envelope 

b. Mobility 
c. Articulation 
d. Manual Dext, 
e, Tactile Sense 

Capability 
f .  Visual Capab. 

1. Field of 
View 

2. Distortion 
3 .  Glare 

g ,  Location of Elec- 
trical & Fluid 
Connectors 

1. Pressurization Method 

1.3,l Backpack Supply 
a. Mass 
be Cg Shift 
c. Moment of Inertia 
d. Size 
e, Environ, Cont. 

Capability 

X 
X 
X 

X 

X 

X 

X 
X 
X 

X 
X 

X 
X 
X 

X 

X 
X 

x 

sl 

X 
X 
X 

X 
X 

X 

X 
X 
X 

0 
W 

I_ 

X 
X 
X 

X 
X 

X 

X 
X 

- 
X 
X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 
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BEHAVIOR 
ELEMENTS 
AFFECTED \ 

FACTORS AFFECTING 
PERFORMANCE 

1.3.2 Umbilical Supply 
a. Mass 

* be Cg Shift 
c .  Moment of Inertia 
d. Whipping 
e, Interference 
f .  Attach to Suit 

1.3.3 Chest Pack Supplx 
a. Mass 
b. Cg Shift 
c. Mom, of Inertia 
d. Size 

2.0 

2.1 

2.2 

RESTRAINTS & MOBILITY 
AIDS - 
Mechanical Restraint 
System 
a, Body attachment lo- 

cation 
b, Type of Restraint 
c .  Type and method of 

attachment and 
release 

d e  Type and method of 
adjustment 

e, Restraint setup 
method 

Maneuvering Unit - 
Stabilization Equipment 

CI1 

u 
3 
F3 

PI 
Frl 
V 

w 
8 

E 
s_ 

X 

X 

X 

X 
X 

X 

X 

X 
X 

X 

X 

H 
E 
W ai 
0 
E+ 

G 

X 
X 
X 
X 

X 
X 
X 

X 

X 

X 

X 



TABLE 3-5 FACTORS AFFECTING PERF0 CE (Continued) 

HEHAVIOR 

2.2.1 Hardware Definition 
a. Size 
b. Mass 
c, Cg Shift 
de Moment of Inertia 
e. Stabilization 

1. Dead Band 
2, Recov. rate 
3. Overshoot 
4 .  Settling Time 

f. Interference 

2.3 Mobility Aids 

2.3,1 Physical Characteris- 
tics 

a. Type 
b. Size and shape 
c. Attachment Methods 
d. Length of Traversal 

- 

2.3-2 Mobility Aid-to-Work 
Site Transition 

a. Distance. 
be Method of Transfer 
c. Method of Attach- 

ment to Mobility Aid 

3.0 GEOmTRY 

rl 

V 
2 
R 

w 

2 
Ll s 

X 

X 

X 

s 

8 

CTa 
r.h 
Q 
t..l 

E4 

I__ 

X 

X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
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LE 3-5 FACTQRS AFFEC'FTWG PERF0 CE (Continued) 

\ 
3.1 Available Work Space 

Envelope 
a, Space and clearance 

available to accommodate 
body position and movements 

in relation to body 

to work point 

manipulation of hands, 
arms, tools, etc. 

be Location of specific task 

c. Access opening or passage 

d. Space available for 

3.2 Orientation 
a. Relative position or 

orientation of man and 
working surface 

b. Direction of action 

3.3  Working Surface Definition 
a. Configuration 
b. Color 
c. Texture 

4.0 HARDWARE INTERFACE 
CHARACTERISTICS 

4.1 Mass Handling 
a, Size 
b. Shape 
c. Mass 
d. Cg Location 
e. Handles 

X 

X 

X 

X 

X 
X 
X 

X 
X 

- 

c3 

U 
w 
B 
2 
PI 
w 

BI 
I_ 

X 

X 

X 

X 

X 

X 

X 
X 
X 

c 

E 
8 

9 
- 

X 

X 

X 

X 
X 
X 

_s_ 

X 

X 

X 

X 

X 

X 

X 

X 
X 
X 
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TABLE 3-5 FACTORS AFFECTIBG P CE (Continued) 

AFFECTED 

PERFORMANCE 

4,2 Connective Devices 

4.2.1 Electrical Connectors 
a, Type 
b. Size 
c, Shape 
d e  Engagement Method 
e. Cable Whipping 

4,2.2 Fluid Connectors 
a, Type 
b, Size 
c, Shape 
d, Engagement Method 

4.3 Fasteners 

4.3,l 
a, Manually Operated 
b. Tool Operated (See 4 , 7 )  

4,3.2 Forces Required to Operate 
a, Magnitude 
b. Direction 
c, Duration 

4,3.3 Size and Shape (Fit With 
Gloved Hand) 

4 3 4 Feedback 
a. Visual 
b, Tactile 

X 

X 

X 

X 

X 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 
X 

X 

ra z 
W 

n 
0 
p: 
PI 
M 
0 z 
u_ 

X 
X 

X 
X 

X 
X 

X 
X 
X 

.- 

X 
X 
X' 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 
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T U L E  3-5 FACTORS AFFECTING PERFORMAMCE (Continued) 

BEHAVIOR 

4.4 Control Manipulation 

4.4.1 Discrete Controls 
(Switches, Detented 
Rotors) 

a. Size and Shape 
b. Forces required to operate 
c. Feedback 

4.4.2 Continuous Control 
(Potentiometer Type) 

a. Size and Shape 
b. Forces required to operate 
c. Accuracy required-scale 

d. Feedback 
graduations 

4.5 Test Points - Test Probes 
a, Location 
b, Quantity 
c, Size 
d. Coding 

4.6 Debris 
a. Method of Control 
b, Quantity 
c, Size 

4.7 Tools 

4.7.1 Method of Attachment to 
Work Object 

a. Fit into 
b. Fit around 

X 

X 

X 
X 

X 

X 

X 

X 

X 
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TABLE 3-5 FACTORS AFFECTING PERF0 CE (Continued) 

BEHAVIOR 
ELEMENTS 
AFFECTED 

PERFORMANCE \ 
4,7.2 Method of Actuation 

a. Power 
b,  Manual 

4.7-3 Physical Characteristics 
a, Handles 
b e  Size 
c. Mass 
d, Shape 

4.7.4 Feedback 

4.7.5 Tool Restraint/Retention 
a. Tethers 
b, Bags 

5 - 0  ENVIRONMENT 
5 , 1  Illumination 

(Ref. ONS Lighting Spec) 
(See MSFC-STD-267A for 
Definition) 

5,2 Temperature/Humidity 
Atmosphere 

5,3 Vibration 

5,4 Noise 

X 

X 

TO B 

X 

X 

DEF 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS 

1.2 Suit Design Characteristics 

a. Work Reach Envelope* 

Reference Point: Upper Chest - Center 

Left 
Right 

Left 
Right 

Left 
Right 

Left 
Right 

HORIZONTAL 
ANGLE 

0 
0 

0 
0 

0 
0 

90 
90 

VERTICAL 
ANGLE 

0 
0 

90 
90 

60 
45 

0 
0 

RANGE (MAX) 
INCH 

21.25 - 23.25 
19.25 - 22.50 
0 
0 

13.88 - 18.38 
14.88 - 19.63 
20.88 - 23.38 
19.75 - 22.63 

It should be noted that the above dimensions represent maximum reach dimensions 
and not effective work dimensions. 

b. & c. Mobility and Articulation* 

Percent of nude joint mobility range retained at 3.7 psig. 

Humerus Abduction: 
A6L - 74.8 RX-4 - 80.0 

Humerus Flexion: 
A6L - 71.9 RX-4 - 87.0 

Humerus Extension: 
A6L - 56,6 RX-4 - 90.0 

Elbow Extension: 
A6L - 100.0 RX-4 -100.0 

Elbow Flexion:: 
A6L - 89.5 RX-4 - 96.0 

HandIWrist, Abduction: 
A6L - 100.0 RX-4 -100.4 

*Data from Evaluation and comparison of three space suit assemblies, Re L, Jones, 
NASA TN D-3482, July, 1966, 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

HandIWrist, Dorsiflexion: 
A6L - 90.4 Rx-4 - 87.0 

HandjWrist, Palmar Flexion: 
A6L - 93.3 RX-4 -100.0 

Femur Flexion: 
A6L - 60.7 RX-4 - 90.0 

Knee Extension: 
A6L - 100.0 RX-4 -100.0 

AngleIFoot Dorsiflexion: 
A6L - 88.1 RX-4 - 92.5 

Angle/Foot P lan ta r  Flexion: 
A6L - 94.4 Rx-4 - 95.8 

d. Manual Dexter i ty  - EV pressur ized  glove on modified pegboard 
using A6L and/or RX-4 s u i t s .  

Percent  of Nude Hand Capabi l i ty  

114'' Pins  - Right Hand 33% 
L e f t  Hand 19% 
Both Hands 12% 

1/2" Pins  - Right Hand 65% 
Lef t  Hand 59% 
Both Hands 42% 

e, Tact i le  Sense Capabi l i ty  - Later 

f .  Visual Capabi l i ty  

H e l m e t  

A6L Lexan Bubble Width = 24.6 cm 
Depth = 31.3 c m  

RX-4 Lexan Dome Width = 30.4 c m  
Depth = 30.4 cm 

Visual  Capabi l i t i es :  

UP 
Down 
Lateral 

A6L 
90% 

105O 
1 . 2 0 ~  l e f t  

- 

and r i g h t  

Rx-4 
130° 
1000 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

Visors - To protect crewman's eyes from UV & IR rays while 
performaing EV tasks 

Optical Characteristics: 

a. Sun Visor Only: 18-22% transmittance in visible range 

b. Sun visor, impact and pressure visor combined: 

Visible range (0.39 to 0,75 microns) - 10% transmittance 
W range (0.25 to 0.39 microns) - 1% transmittance 
IR range (0.75 to 2.5 microns) - 5% transmittance 

1.3 Pressurization Method 

1.3.1 Backpack Supply 

PECS - OP s - PLSS - 
(Emergency) (See 1.3.2 Umbilical 

Supply) 

a. Mass (Lbs.) 86 37.27 93 

b. Cg shift Depend on size and mass of astronaut and 

c. Moment of Inertia pressure suit. 

d. Size (Inches) 26 x 17,8 18.38 x 10 26 x 16 x 6 
x 10.5 x 8  

e. Environmental Control Capability 

Rate 
Total 

1,3.2 Umbilical Supply 

1200 BTU/Hr, 
4800 BTU 

Gemini EVA __ EVA 

2000 BTU/Hr. 
8000 BTU 

IVA - 
a. Mass 

b. Cg shift 

c, Moment of Inertia pressure suit 

d, Whipping 

Depend on size and mass of astronaut and 
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TABLE 3-6 QUANTIFICATION OF PERF'OWCE FACTORS (Continued) 

e, Interference 

f. Attachment to Front 
Suit 

Gemini EVA - EVA 

PLSS 

IVA - 

g. Length (Feet) 25 60 60 

h. Size 

i. Content 

ID - 3/16 
OD - 11/16 
Nylon Cover 02 supply 2 water lines 

Electrical Auxiliary Power 
leads Biomed. 

02 hose Power 02 

1.3.3 Chest Pack Supply 

Umbilical provides primary 02> power, communication, biomedical data 
and tether 

a. Mass 

be Cg shift 

c. Moment of Inertia 

d. Size 

e. Environmental Control 
Capability 

Normal 
Peak 

39 Lbs. 

Depends on size and mass of astronaut 

and pressure suit 

18 x 10.25 x 8 

2,O Restraints & Mobility Aids 

2.1 Mechanical Restraint System 

a. Body Attachment Location - 

90 minutes @ 1400 BTU/Hr. 
50 minutes @ 2000 BTU/Hr, 

1, Foot Restraint - Permits body rotation about the astronauts feet, 
Body rotation can be considered to be almost 1800 Spherical 
Angle 



TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

2.1 Mechanical Restraint System (Continued) 

2. Waist Restraint - Permits body roation in pitch. The amount of 
rotation is limited by the proximity of surfaces near the 
astronaut and varies as the distance between the astronaut and 
the surfaces. A small amount of upper torso roll is also 
permitted a 

3. 

4 .  

Foot & Waist Restraint Combined - Permits upper torso movement only. 
Handhold - Permits 180' sphexi&l angle body movement about handhold. 

b, Type of Restraint - 
1. Rigid - No relative movement between restraint and vehicle 

mounting point. Example - Dutch Shoes. 
2. Flexible - Permits limited amount of relative movement between 

restraint and vehicle mounting point. 
"window washers belt" a 

Example - soft 

3,  Variable Flexibility - Can be used as either rigid, flexible or 
some state between the two. 

c. Type & Method of Attachment & Release 

1. GraspingIGriping - These restraints are characterized by the fact 
that the astronaut grasps the restraint or the restraint grips 
the astronaut. Example of grasping is the handhold. Example 
of griping is the Dutch Shoe Restraint. 

2. Mechanical Latch - These restraints are characterized by the 
making of a mechanical attachment to the vehicle structure 
such as would be done with vise-grip ends of a variable- 
flexibility tether * 

d. Type & Method of Adjustment 

e, Restraint Set-Up 

2.2 Maneuvering Unit - Stabilization Equipment 
2.2-1 Hardware Definition 

2.3 Mobility Aids 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

2.3.1 Physical Characteristics 

a. Type 

Rigid 
Flexible 

b. Size & Shape 

Rigid Bar Type - 
Cross Section 

AAP 
FIREMAN ' S CREW 

POLE 

QUARTERS 

c. Attachment Methods 

1, Mechanical - Separate hardware device attaches astronaut to mability 
aid or object to mobility aid, 

2. Manual - Astronaut uses his hands to hold mobility aid. 
d. Length of Traversal 

3-0 Geometry 

3.1 Available Work Space Envelope 

a. Space and Clearance available to accommodate body position and movements 

Shoulder breadth 22.4 - 23.6 
Elbow-Elbow breadth 28.1 - 33.8 
Knee 14.5 - 17.0 

b, Location of specific task in relation to body - Later 
c. Access openings or passage to work point 

NEAN RANGE Aperture Size* - 
Breadth 

Vertical Dim. 
Both Arms 

Breadth 
Preferred 

23.60 19.25 - 26.80 
19-75 

13,09 11.00 - 14.00 
Vertical Dim. 17.75 Arm 

*Data from "Aperture Sizes & Depths of Reach for One-and Two-Handed Tasks, AMRL- 
TR-66-27, October, 1966, Subjects wearing A/P 225-2 Full Pressure Suit @ 3,5 psi, 

3-38 



TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

3.1 Available Work Space Envelope (Continued) 

c, Access openings or passage to work point (Continued) 

Depth of Reach* 

MEAN 

Both Arms 11.30 
Preferred Arm 14.46 

3.2 Orientation 

RANGE 

7.5 - 15.75 
10.75 - 20.00 

b, Direction of Action 

See (a) above 

-x, +x, -Y, +Y, -z, +z 
4e0 Hardware Interface Characteristics 

4,l Mass Handling 

a. Shape, Size & Mass 

1. Regular Geometric Shapes 

SHAPE SIZE 

Parallepipeds 40 x 40 x 20 
24 x 24 x 30 
20 x 25 x 40 
18 x 18 x 18 

MAS s - 
300 Lbs. 
100 Lbs. 

75 Lbs. 
150 Lbs‘, 

Cylinders Unknown 
*Data from “Aperture Sizes and Depths of Reach for One-and Two-Handed Tasks, 
AMRL-TR-66-27, October, 1966, 4Subjects wearing A/P 225-2 Full Pressure Suit 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

4.1 Mass Handling 

a. Shape, Size & Mass (Continued) 

2. I r r e g u l a r  Shapes 

Cassettes 27 x 1% x 2% 26.5 Lbs. 

b e  CG Locations - Unknown 

c. Handles 

1. Location (Ref. NASA Memo CF131-8M-046, January 24, 1968) 

Along longi tudina l  a x i s  
I n  l i n e  with cg 

ae Closest po in t  t o  cg 

2. Type (See MSFC STD-267A9 Page 383) (See Page 3-41) 

e Recessed 
B a r  

4.2 Connective Devices 

4.2.1 Electrical  Connectors 

a. Type 

Power 
Signal  
RF 

b. S ize  

Large 

S m a l l  
e Medium 

c. Shape 

Cyl indr ica l  - AN & MS type 
Para l lep iped  - Rack and panel  type 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

6.00 

.75 D i a .  

5.00 

FXCESSED BAR 

ONE HAND BAR 

1-23 to 1-30 in Diameter 
Offset from surface/2. o minimum 
6.75 long 

HANDLE TYPES 
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued) 

4,2,1 Electrical Connectors (Continued) 

d. Engagement Method 

Cam actuated - Bayonet 
Snap-in 

Thread Assist 
Rack and panel 

Quick Release 

May require tool 

Push-Pull 

4.2.2 Fluid Connectors (Later) 

4,3 Fasteners 

4.3-1 Type 

a. Manually Operated 

Lever 

Slide 
Turn 

Push-Pull 

b ,  Tool Operated 

Standard Fasteners 
e Bolt or Nut Head Shapes 

External Hex Head 
Internal H e x  - Allen 
Screw Driver Slot 
Phillips Type Slot 

Special fasteners using special tool heads 

4-3.2 Forces Required to Operate 

a. Magnitude (Unknown) 

b. Direction 

PUS h-Pul 1 
Up-Down 
Left-Right 
Clockwise 
Counterclockwise in all planes 
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TABLE 3-6 QUANTIFICATION PERFORMANCE FACTORS (Continued) 

4,3,2 Forces Required t o  Operate 

c,  Duration 

Impulse - 1 second 
Sustained - 4 seconds 
Continuous - no l i m i t  

4.4 Control Manipulation 

4,4,1 Discrete Controls (Switches, Detented Rotors) 

FORCES REQ'D. 
TYE9 SIZE & S W E  TO OPERATE - 

Toggle Switch 

Control Tip D i a ,  

Lever Arm Length 

0.125 - 1.00 

0.5 - 2.00 
10-40 O Z ,  

Push Button 

F inger t ip  (Nude) 0,5 in .  d ia .  (rnin) 10-40 OZ.  

Thumb o r  H e e l  of 0.75 in .  dia .  (min) ,125 - 1,s 
Hand (Nude) i n  disp.  

Legend Switch(Push -75 - 1.25 10-45 OZ, 
Button & Display) (Length o r  Ht.) .125. - -25 

i n ,  disp.  

Knob - 
Poin ter  Lgth, 1.0 min. 
Poin ter  Width Equal t o  L i n e  

Poin ter  Depth 0.5 min. 
Width 

4,4.2 Continuous Control (Potentiometer Type) 

a ,  S ize  & Shape 

Depth (Minimum) ( f inge r t ip  grasp) 
D i a m e t e r  ( f i n g e r t i p  grasp) 

12-48 in,  oz 

-5  in. 
.375 - 4-0 

FEEDBACK 

Displacement 

Up-On; Down-off 
30-120' 

None - other  
d i sp lay  

Display i n  
switch 

Visual pos i t ion ing  
15O (min) non- 
vis. pos i t .  30 
min. Max dis-  
placement 40°-90° 
24 pos i t ions  (max) 
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TABLE 3-6 QUANTIFICATION PERFORMANCE FACTORS (Continued) 

4.4,2 Continuous Control (Potentiometer Type) (Continued) 

a, S ize  & Shape 

Diameter (palm grasp) 1.5 - 3 , O  
D i a m e t e r  (Thumb & f inge r  enc i rc led)  1.0 - 3.0 

b. Forces Required t o  Operate 

For F inge r t ip  opera t ion  (Small Knob) 4.5 in-oz. 
For F inger t ip  operat ion (Large Knob) 6,O in-oz. 

c. Feedback 

Gage o r  c a l i b r a t i o n  on sk i r t  

4.5 T e s t  Po in ts  - T e s t  Probes 

4.6 Debris 

4.7 Tools 

4,7.1 Method of Attachment t o  Work Object 

a. F i t  I n t o  

Al len  Wrench 
Screw Driver, S lo t  & P h i l l i p s  

b. F i t  Around 

Wrenches - Box 
Socket 

Open End 

4.7.2 Method of Actuation 

a, Power - Torque 

75 f t , - lb .  wx 
6 f t . - lb ,  mine 

Rate of Operation - Remove and i n s t a l l  30%-20 b o l t s  o r  nu t s  i n  3 hours. 
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3 111 4 EXPERIMENT DESCRIPTION (GENERAL) 

At this point in the experiment definition, a rough estimate was made at 
structuring 
cally aimed at evolving experimental tasks which reflected the real tasks con- 
tained as output of the analysis described above. 

an experiment based on the analysis to date. This effort was basi- 

The objectives of this effort were: 

o experimental tasks must be capable of being performed at a worksite 
(eliminating any tasks involving translation, etc.); 

o experimental tasks must bear as close a resemblance as possible to 
real EVAIIVA tasks; 

o experimental tasks must provide objective, quantifiable measures 
which permit valid and meaningful comparisons across the major 
experimental conditions; 

o time, space and weight constraints must be met. 

Obviously, the last three objectives presented serious conflicts. For example, 
the most realistic task involving making and breaking electrical connectors 
would be to perform that specific operation on a variety of connectors at 
various positions in the reach envelope. 
jective measures which permit valid comparisons. In all cases, an astronaut 
could probably perform the task, with only slight time differences resulting. 
This provides no information on the basic fine-manipulative, eye-hand co- 
ordination involved (not only in this task, but in many similar operations) 
which may be significantly impaired as a function of, say, a suited, 0-g condi- 
tion versus a shirtsleeve, 1-g condition. The objective of the experiment must 
be not only to determine that a difference does or does not exist, but to quan- 
tify the difference to determine its significance. Only then can it be validly 
determined if the difference warrants a connector re-design or suit re-design or 
similar conclusion. 

However, such a task presents no ob- 

Thus, the tasks included in the task sequence are designed to maintain 
realism and subject interest, but, at the same time, to realistically represent 
fundamental human performance parameters and to provide objective measures of 
these parameters. 

The remainder of this section represents the rationale for the inclusion of 
specific tasks in the experiment sequence, Detailed descriptions of the tasks 
m y  be found in Section 5.0,  
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3 4 e 1 RESTRAINT INSTALLATION 

The vast majority of complex tasks detailed in the analysis begin with the 
subject having to install his personal restraints at the worksite. In certain 
cases, these restraints might already be available at the worksite, but in many 
instances, because of a weight penalty or because pre-installed restraints might 
compromise the aerodynamic structure, astronauts will have to carry personal 
restraints to the worksite and install them there. 

The restraints chosen for the experiment are the Gemini Dutch Shoes, the 
Variable Flexibility Waist Tether, and the Capsular Adhesive Handhold. 
poses of restraint evaluation, it was ultimately decided that the task sequence 
would be performed using only the shoe restraint, or only the waist restraint, 
or a combination of waist and shoe restraints. The handhold is always used, 
first to aid in installation o f  the other restraints, and then to perform other 
tasks in the sequence. 

For pur- 

In addition to personal restraints, an astronaut performing a fairly complex 
task will need restraints or tethers to anchor various pieces of equipment such 
as tool kits, spare modules or cassettes, etc, Thus, this first task of the 
experiment sequence includes the installation of two equipment restraints. 

3 , 4 . 2  GAIN ACSESS TASK 

After tasks which involve some aspect of restraint installation and manipu- 
lation, the next most commonly encountered operation was that of gaining access 
to the work area. Typically, this involved opening or closing a hatch or 
removing a protective bulkhead. To represent this action, it was decided to 
remove a cover from the task panel. 

The subject is confronted with the problems of tool and fastener manipula- 
tion, cover removal, manipulation and stowage. Once this is completed, the 
astronaut generally has to make a visual inspection of the work area. 
of the frequency of occurrence of operations requiring inspection and activation, 
a task for this program was initially included in the sequence. 
sequent revisions the lack of objective measures for such a task and the 
increased time penalties associated with incorporating this task into the experi- 
mental sequence resulted in its deletion as a formal task. 

Because 

But during sub- 

3 . 4 , 3  TWO-HAND EYE/HAND COORDINATION TASK 

Several tasks were encountered in the task analysis which fundamentally 
require a static, fine manipulative capability. Typical tasks include electronic 
checkout, meter reading and adjustment, calibration of sensitive equipment, sen- 
sor alignment, telescope pointing and many others. In order to represent the 
many operations involved in these tasks, the Two-Hand, Eye/Hand Coordination Task 
was developed, 
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3 , 4 , 3  TWO-HAND EYE/HAND COORDINATION TASK (Continued) 

This task requires the subject to use a probe, make and maintain an electri- 
cal contact, read a digital display, and carefully set an analog display, Thus, 
most of the operations involved in the tasks mentioned above are included to some 
extent. At the same time, this task provides readily quantifiable measures such 
as task time and setting accuracy which can be used to determine whether suit or 
restraint differences have significant effects on the operations required. 

The task analysis resulted in identification of an additional factor which 
could compromise performance of many tasks - working through a restricted - 
access envelope. Thus, to determine if any such effect exists, this task is 
performed with and without such a restriction. Ideally, of course, one would 
like to evaluate this condition using many different sizes of access openings 
and depths of reach. In this experiment such a multitude of conditions would not 
be feasible, however. Thus, one limiting access condition was chosen such that 
it would present as great a physical and visual obstacle as possible without 
actually creating an impossible task. This allows the experimenter to at least 
determine if limiting access cases create significant problems. 

3.4.4 PRECISE HAND MOVEMENT TASK 

The Two-Hand Task basically measures static components of eye/hand co- 
To measure the dynamic aspects of this psychomotor capability, the ordination. 

Precise Hand Movement Task was developed. 
perform motions and exhibit precision control movements which typically occur in 
tasks such as electronic checkout, component handling, sensor operation, etc. 
The type of tasks that are represented by the Precise Hand Movement task basi- 
cally involves two operations: first, they reflect an element of manipulative 
control, such as would be required when aligning a sensitive, fragile component 
in its receptacle; and second, a significant amount of force is being emitted in 
varying directions and at constantly changing rates of. acceleration, 

This task requires the subject to 

Thus, the Precise Hand Movement Task was developed to reflect these two 
operations. The subject is required to trace an irregular path with a small 
probe. 
and width, The width is varied such that at its widest point there is no diffi- 
culty in avoiding the edge, while at its narrowest point it is almost impossible 
to avoid contacts, 
to change both direction and rate of acceleration, 

The path is approximately 15 inches long and varies in both direction 

Changing path direction insures that the subject will have 

Three constant tension springs may be attached to the probe to vary the 
force exerted by the subject for each path traversal, 
used are 1.25, 2,50 and 5*.00 pounds, and were selected based on feasibility 
tests conducted early in the program. 

The three force values 

Two additional parameters are varied in this task, First, as in the TWO- 
Hand Task, the task is performed with and without a limiting access panel to 
determine if a performance degradation exists. 
with the springs being pulled from the subject's left, and again, with the 

Second, the task is performed 
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3,4,4 PRECISE HAND MOVEMENT TASK (Continued) 

springs being pulled from the subject's right, 
any significant differences in performance might exist which result from articu- 
lating suit joints in a different manner. 

This is done to determine whether 

This task also incorporates a module removal/replacement task. A s  would be 
expected, module removal/replacement was commonly encountered in the task analy- 
sis. It was noted that, of functions requiring mass handling, 65% dealt with 
modules weighing between 5 and 25 pounds. The Precise Hand Movement module was 
sized at about 5 pounds. The subject removes the module, re-orients it, and 
reinstalls it. Thus, while the subject is setting up a new experimental condi- 
tion (springs left vs. springs right) he is performing a useful, evaluative task. 

3,4.5 FORCE EMISSION TASK 

Fundamental to just about every task an astronaut performs is a requirement 
to exert forces in different directions, amounts, and for different periods of 
time., The Force Emission Task was developed to evaluate this capability. In 
addition to measuring a meaningful human performance parameter, force emission 
also allows one to make valid comparisons about restraint utility (as exhibited 
by its value as a forcelenergy sink) and to compare performance degradation (if 
any) caused by the absence of a gravitational field. 

The task is structured to evaluate all significant parameters which are part 
of force emission. Three different force types are studied. Impulse forces 
allow for emission of instantaneous force peaks. 
individual's ability to exert a maximum, maintainable force for an extended 
period of time (four seconds). 
control on the force being emitted and hold that force constant for a period of 
time (six seconds). 

Sustained forces measure an 

Precise forces require a subject to exert a fine 

Forces are also evaluated in six orthogonal directions. 

This task illustrates again how time constraints must be considered. 
Ideally, it would be desirable to measure force emission capability in several 
positions in the subject's reach envelope. 
tions were therefore selected - a central, optimal position and a position in 
the upper right quadrant of the reach envelope. 

But this is not feasible, Two posi- 

Like the Precise Hand Movement Task, this task incorporates a module 
removal/replacement task which again results in utilization of the time required 
to change experimental conditions. This time the module weight was approximately 
40 pounds, which represented the middle peak of the tri-modal distribution of 
weights identified in the candidate variable analysis described in 3.2.1 above. 
In addition, the location of the module receptacle in the upper right position 
was determined during the feasibility tests to be the maximum "practical" reach 
capability of the subjects Tn the selected restraint and suit conditions. 
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3.4.6 TORQUE EMISSION TASK 

The Torque Emission Task is almost exac t ly  s i m i l a r  t o  the  Force Emission 
Task, Three types of torques a r e  evaluated - Prec ise ,  Impulse, and Sustained. 
Two d i f f e r e n t  pos i t ions  a r e  evaluated - Prec ise ,  Impulse, and Sustained, Two 
d i f f e r e n t  pos i t ions  a r e  evaluated - a c e n t r a l  pos i t ion ,  and a pos i t ion  i n  the  
lower l e f t  quadrant of the  reach envelope. Direct ions evaluated a r e  clockwise 
and counterclockwise about a s h a f t  perpendicular t o  the  f ron t  of the task  panel. 

The main d i f fe rence  from the  Force Task i s  i n  the  mn/machine in t e r f ace .  
In  the  Force Task, the  subjec t  grasps a v e r t i c a l l y  mounted D-handle, In  t h i s  
t a sk ,  the  subjec t  uses two tools  which mount d i r e c t l y  on the  force  receiver .  One 
is an L-handle wrench which permits the  subjec t  t o  use a f u l l  arm torquing motion. 
The other  is  a T-handle which requi res  a torsion-type motion. 
se lec ted  because they represent motions required by most of the  too l -ass i s ted  
tasks  i d e n t i f i e d  i n  the  t a sk  ana lys i s ,  

These too l s  were 

3.4-7 OPERATIONAL MAINTENANCE TASK 

One important c l a s s  of operations w a s  discovered i n  the t a s k  ana lys i s  which 
could not r e a l l y  be represented by the  tasks  so f a r  described. These operations 
bas i ca l ly  involved the  handling and manipulation of small components,tools, e t c ,  
Thus the Operational Maintenance Task requires  the  subjec t  t o  use d i f f e r e n t  t oo l s  
t o  remove a small component f rom a low pressure tubing system. The subjec t  
obtains a replacement component and i n s t a l l s  t h i s  new component. 

3.5 DEFINITION AND SELECTION OF INDEPENDENT VARIABLES 

The major independent var iab les  f o r  t h i s  experiment were o r i g i n a l l y  defined 
i n  the  M508 Experiment Implementation Plan provided f o r  guidance as  p a r t  of the  
study input  da ta .  The information provided i n  t h a t  document a r e  l i s t e d  below: 

1. Type of Res t ra in t  

a Capsular Adhesive Handhold 

b. Variable F l e x i b i l i t y  Waist Tether 

c ,  Gemini Dutch Shoes 

2 .  Sui t s  

a. Apollo Block I1 

b, Li t ton  Hard S u i t  

The manipulation and combination of these items i n t o  an experimental design 
was one purpose of the  program described i n  t h i s  document. A s  a r e s u l t  of the 
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3.5 DEFINITION AND SELECTION OF INDEPENDENT VARIABLES (Continued) 

ana lys i s  performed on the study input da ta ,  the  following decis ions were made 
concerning t h e  d e f i n i t i o n  of the  experimental design, 
Dutch Shoes were to be used separa te ly  and i n  combination and evaluated across  
a l l  o ther  experimental conditions.  
t h e  o ther  r e s t r a i n t s .  The s u i t s  were t o  be used separa te ly  and evaluated across  
a l l  o ther  experimental conditions.  

The Waist Tether and 

The Handhold would be used only f o r  i n s t a l l i n g  

A t  t h i s  point  i t  was considered necessary t o  re-examine t h e  basic  ground 
ru les  of the  Experiment Implementation Plan concerning t h e  s e l e c t i o n  of s u i t  
and r e s t r a i n t  conditions t o  be evaluated. Two separate  analyses were undertaken 
t o  perform t h e  re-evaluation. The f i r s t  of these was t o  consider the experi-  
mental design f o r  i t s  a p p l i c a b i l i t y  t o  IVA Tasks; and the second was t o  consider 
o t h e r  types of r e s t r a i n t s .  

The r e s u l t s  of the f i r s t  ana lys i s  (see paragraph 3.5, l )  indicated t h a t  t h e  
experimental design i s  app l i cab le  t o  both EVA and IVA operations and added the  
s h i r t s l e e v e  mode t o  the l i s t  of s u i t  conditions.  

The r e s u l t s  of the  second ana lys i s  (see paragraph 3.5.2) indicated t h a t  
while no s i n g l e  r e s t r a i n t  could s a t i s f y  a l l  the  requirements f o r  an optimum re- 
s t r a i n t ,  t h e  t h r e e  chosen seem t o  be among the  b e s t ,  and the  l i m i t a t i o n  on 
a v a i l a b l e  time t o  perform t h e  experiment would no t  allow s u f f i c i e n t  evaluat ion 
of a d d i t i o n a l  r e s t r a i n t s  should they be added. 

3,5.1 IVA TASK EVALUATION 

The purpose of t h i s  sec t ion  is  t o  present the  r e s u l t s  of t h e  ana lys i s  per- 
formed t o  determine the  s u i t a b i I i t y  of t h e  preliminary experimental t a s k  se- 
quence a s  an ind ica tor  of performance c a p a b i l i t i e s  required f o r  i n t r a -veh icu la r  
a c t i v i t y  (IVA). The sequence developed i n  the i n i t i a l  phase of the Astronaut 
Performance Program was pr imari ly  the r e s u l t  of an ana lys i s  of proposed extra-  
vehicular  experiments predicted f o r  the  1970-1980 t i m e  period. Subsequently, 
i t  was decided by NASA t o  incorporate evaluations of IVA tasks  i n t o  t h e  t a s k  
sequence. This s ec t ion  presents  the r e s u l t s  of the  ana lys i s  performed t o  deter- 
mine appropriate  t a s k  sequences r e l a t i v e  t o  IVA requirements. 

3.5-1.1 Methodology 

The t a s k  sequence was o r i g i n a l l y  developed by the  de ta i led  study and analy- 
s is  of the information and documents described i n  Para,  3 ,1 ,  3.2 and 3.3 above. 
No s i m i l a r  documents were provided by NASA t o  i n i t i a t e  and support a study of 
IVA requirements. A s  a r e s u l t ,  t h e  i n i t i a l  e f f o r t  f o r  t h i s  t a s k  consisted of a 
l i t e r a t u r e  search. A d e t a i l e d  search of NASA S c i e n t i f i c  and Technical Abstract  
Reports from 1966 t o  the  cur ren t  time was conducted. Headings such as 
"Biotechnology", "Human Factors",  "Human Engineering", "Orbital  Worker", and 
s i m i l a r  items were consulted,  Several  p o t e n t i a l l y  usefu1,documents were en- 
countered (Table 3-7) and three  of these were expected t o  be most h e l p f u l  
(References 1, 2 and 3 ) ,  However, these documents were not readi ly  a v a i l a b l e  and 
could not therefore  serve a s  inputs  f o r  the  present  a n a l y s i s ,  
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3-5.1.1 Methodology (Continued) 

The study team therefore decided to conduct the analysis using Reference 
as the primary input. 
large number of potential experiments involving man-in-space. At the same time, 
it has the disadvantage of presenting experiments in a general way, specifying 
man-involvement only at a generic level and neglecting any definition of man- 
machine interfaces or hardware physical (as opposed to functional) descriptions ;. 
Nevertheless, this document was felt to be the best source of information avail- 
able to the study team from which to obtain performance requirements on manned 
intra-vehicular activities 

This document has the advantage of presenting an extremely 

TABLE 3-7 REFERENCE DOCUMENTATION FOR 

IVA TASK EVALUATION 

1. 

2. 

3, 

4. 

is 

May, C. and Holmes, A. An Evaluation of Man's Capability to Perform Support 
Functions in Space. AFSC/WPAFB (AFAPL-CONF-67-4) , 1967 e 

Vogeley, A. W. 
Requirements, presented at the Aerospace Medicine Meeting, Belgium, Oct., 
1967. 

Human Factors Aspects of Orbital Operations - Manned Planning 

Maintainability of Manned Spacecraft for Long-Duration Flights (NASA-CR 
73152; D2-113204-3, V-3). 

Appendix to Proceedings of the Work Sessions on Experiment Definitions and 
Requirements for Manned Orbital Workshops, July 9, 10, 11, 1968, released by 
the Payloads Directorate, Advanced Manned Missions Program, Office of Manned 
Space Flight a 

The pertinent data from this source was extracted utilizing a format which 
shown by the examples shown in Figure33-3, 3-4, and 3-5, Seventy-three such 

forms were prepared. 
or critical requirements placed on the astronauts. Finally, each man-function 
identified was analyzed to determine the task-elements required for its perfor- 
mance. It could then be determined whdch task-elements required for the planned 
IVA experiments were satisfied by the preliminary experiment sequence and which 
were not, The results of the analysis are presented below, 

These were then studied to determine the most frequent and/ 

3.5.1.2 Results 

The IVA Task Analysis form was designed to obtain as much information as 
possible relative to the performance requirements for the proposed experiments e 
The experiments themselves were categorized by specific scientific disciplines: 
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Activity - 
Functional - 
Program 
Element 

Experiment - 
Data Sheet 

Description - 

Equipment - 

Crew Support - 

FIGURE 3-3 IVA ANALYSIS FORM 

EXAMPLE I 

Astronomy 

High Energy Stellar Survey A 

Large Area X-Ray Detector 

Locate all X-ray sources of wavelengths 
between 0.2 and 50 angstroms 

Locate 50 of the brighter X-ray sources 

Determine X-ray spectra of selected sources 

Determine column thickness of absorbing 
material between earth and many of the detected 
X-ray sources 

Determine existence of any exceptional or 
ultraviolet brightnesses that may be associated 
with particular X-ray sources. 

Determine the character of short and medium 
term temporal time fluctuations of the brighter 
X-ray sources 

Collimated proportional counters 

Modules 

Size: 4800 Lbs. 
9 Cue Ft. (Modules) 

Provide initial orientation of scan system axis, turning 
on the equipment and evaluations in accordance with pre- 
determined guidelines, 
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Activity - 
Functional - 
Program 
Element 

Experiment - 
Data 
Sheet 

Description - 

Equipment - 

Crew Support - 

FIGURE 3-4 IVA ANALYSIS FORM 

EXAMPLE I1 

Space Physics 

Ionospheric Plasma Investigations 

Plasma Wave Propagation Experiment 

Perform refined tests of warm magnetoplasma theory. 
Obtain detailed information on ionospheric plasma 
parameters. 

TransmitterIReceiver 

Size: Receiver 1/2 Ft. 3 
50 Lbs. 

Align antennas and monitor apparatus 
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FIGURE 3-5 IVA ANALYSIS FORM 

EXAMPLE I11 

Act iv i ty  - 
Functional - 
Program 
Element 

Experiment - 
Data 
Sheet 

Descr ipt ion - 

Equipment - 

Crew Support - 

Earth Applicat ions 

Earth Resources and Meteorology 

Metric Camera 

The purpose of t h i s  experiment i s  t o  de l inea te  the  
p o t e n t i a l  of stellar metric photography €or  car to-  
graphic  and geodet ic  purposes. 
l ec t ed  by a ground looking metric camera coupled 
with a stellar observat ion camera. 
w i l l  provide da ta  enabl ing t h e  generat ion of more 
accura te  base maps t o  apply t o  the  r e s u l t s  of a l l  
o the r  o r b i t a l  sensors. 

Data w i l l  be col- 

The program 

Camera - 200 Lbs. 
Replacement Film - 80 Lbs. 

(1) 

(2) Check ground cloud cover 

(3)  Acquire Target S t a r t  Po in t  

Se t  up and e s t a b l i s h  ground contac t  

( 4 )  Assess t a rge t  condi t ion 

(5) Es tab l i sh  au to  mode 

( 6 )  Describe and record t a r g e t  condi t ions 

(7) Monitor during au to  procedures 

(8) Checkout and shut down equipment 
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3,5.1,2 Results (Continued) 

Astronomy 

Space Physics 

Space Biology 

Earth Resources 

These headings were used as the main activity heading for each form. Each 
form was then further identified by its functional program element and experiment 
data sheet. 
information. Equipment and crew support categories completed the format. Each 
experimental data sheet from Reference 5 was analyzed using this format. Unfor- 
tunately, the equipment and task level of these experiments were not in suffi- 
cient detail to readily lend themselves to a definitive manlmachine requirements 
analysis. Particularly lacking was detailed equipment descriptions. It was, 
therefore, decided to analyze crew support activities at a generic level in 
relation to the information and knowledge to be gained by the experiment. 
first step in such a process was to collect the crew support functions from the 
analysis form to determine frequencies and/or criticality. The resulting tabu- 
lation is contained in Table 3-8, 

A brief description of the experiment followed this identifying 

The 

The crew functions thus identified were then analyzed to select their 
required task elements and compare them with the task elements evaluated by M508, 
The method devised for this comparison was to return to the EVA analysis forms used 
to develop the M508 experiment and extrapolate from them generic manlmachine 
functions previously selected for evaluation by M508. 
basic task-elements and are inherent in the extra-vehicular activities previously 
studied. They were selected for the M508 experiment based on their importance, 
criticality, frequency, knowledge-value, etc. The present objective was to re- 
view the IVA functions listed in Table 3-8 to determine whether the same task- 
elements could be considered inherent in these intra-vehicular activities. The IVA 
task-elements and the specific preliminary experiment task which evaluates them 
are as follows : 

These functions represent 

IVA TASK ELEMENT PRELIMINARY EXPERIMENT M508 

Force Emission Force/Torque Emission Task 

Gross 
Controlled 

Sustained, Impulse 
Precise 

Torque Emission Force/Torque Emission Task 

Gross 
Controlled 
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3.5.1.2 Results (Continued) 

IVA TASK ELEMENT 

Parts Operations 

Fasteners 
Manual 

Tool 

Switch 

Connector 

Module Manipulation 

Removal 
Replacement 

Reaction Time 

Simple 
Complex 

Feedback 

Aural 

Tactile 
Visual 

Precise Hand Control 

Static 
Dynamic 

Body Control 

Manipulation 

Small Component 

PRELIMINARY EXPERIMENT M508 

Access Panel; Precise Hand Move- 
ment Panel 
Gain Access; Operational Main- 
tenance Task; Module Removal/ 
Replacement 
Operational Maintenance Task; 
Two-Hand Coordination Task 
Module Removal /Rep lacement 

Force Receiver Repositioning 
Precise Hand Movement Module 
Repositioning 

Two-Hand Coordination Task 
Force Emission Task 

Operational Maintnenance Task; 
Precise Hand Movement Task; 
Two-Hand Coordination Task 
All 
All, but especially: Precise 
Force/Torque Emission 

Two-Hand Coordination 
Precise Hand Movement Task 

Restraint Installation 

Operational Maintenance Task 

Gross 
Fine 

3-56 



3,5.1,2 Results (Continued) 

IVA TASK ELEMENT 

Manipulation(Continued) 

Controls 

PRELIMINARY EXPERIMENT M508 

Two-Hand Coordination Task 

Gross 
Fine 

Decision-Making Force Emission Task 

Time-Stress (Minor) Operational Maintenance Task 

Support Equipment Use of Lanyards, Equipment 
Tethers, Etc. 

Management 

These task elements were listed down the side of a two-dimensional matrix, 
shown in Table 3-9. The IVA functions of Table 3-8 were then listed across the 
column headings. The next step was to evaluate each IVA task on the basis of 
professional judgment and insight as to the task elements required, For example, 
it was hypothesized that the IVA task of "repair" would include both gross and 
controlled force emissions (removing electronic racks, disassembly, etc.), both 
gross and controlled torque emissions (using wrenches, nut drivers, etc.) and so 
forth throughout each task element. In addition, task elements which are not 
part of M508 but were necessary for particular IVA functions were identified. 
The task elements that were added are shown in Table 3-9 and are listed below: 

o Higher Cognitive Functions 

o Multiple Fasteners/Connector Evaluations 
(M508 considers only a limited number of fasteners or connectors; 
Some IVA functions are naturally expected to exceed this number,) 

o Multiple Controls Evaluations 

o Multiple Mass Transfer 

o Locomotion and Translation 

o Multiple Tool Evaluations 
(M508 evaluates only a T-handle wrench, a Ratchet wrench, and an 
Open-End wrench) 
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TABLE 3-8 

ASTRONAUT FUNCTIONS REQUIRED BY EXPERIMENTS STUDIED 

FUNCTION 

General Maintenance 
Repair 
Target Acquisition 
Monitoring 
Film Retrieval/Replacement 
Data Record/Acquisiticrr 
Removal / Rep lacemen t 
Operate Cameras 
Focus/Alignment 
Checkout 
Housekeeping 
Obtaining Biological Specimens 
Calibration 
Data Evaluation 
Assess Target 
Surveillance 
Record Target Conditions 
De t ec toy Replacement 
Docking 
Remote Manuevering 
Film Processing 
Slave Satellite Operation 

FREQUENCY OF OCCURRENCE BY 
NUMBER OF EXPERIMENTS 

36 
32 
18 
15 
14 
14 
13 

7 
5 
5 
5 
5 
4 
3 
2 
2 
2 
1 
1 
1 
1 
1 
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3.5.1,2 Results (Continued) 

Table 3-9 is the completed matrix in which each X denotes the presence of the 
EVA Task element in the IVA task. 

3,5.1,3 Conclusions and Recommendations 

The matrix of Table 3-9 indicates the significant finding that a sizable 
majority of the task elements required for the satisfactory performance of cur- 
rently planned IVA functions are evaluated by the current design of Experiment 
M508. In particular, the most frequently encountered IVA functions (from Table 
3-8) are well-represented by M508. 

It is equally important to realize what is not being stated by this study. 
No attempt is made here to imply that a task such as "Target Acquisition" is 
evaluated per se by M508. Such evaluation would require the construction of a 
separate and entire task representing a typical target-sighting mission. By 
the same token, it is recognized that the IVA tasks analyzed in this study en- 
counter a multitude of hardware types which are not evaluated by M508. What is 
evaluated by M508 are those task elements which in combination comprise the IVA 
function listed. 

Experiment M508 must live within the realities of weight, volume and time 
limitations. 
but at the penalty of increasing the experimental data collection time, 
masses, more fasteners, switches, connectors could all be added to the current 
M508 design - but again at very Significant weight and time penalties. 
importantly, the marginal value of such an addition would be highly questionable. 
The fundamental elements of target acquisition - visual feedback, precise load 
control, control manipulation, etc. - are already included for evaluation by 
M508. Similarly, the elemental operations required for the other IVA tasks are 
to a large extent already included. Increasing the complexity of the experiment 
to include additional parameter values or experimental variables would not be 
justified by the very low marginal return of information-value that would result 
from the required increases in weight, volume and time, 

It is certainly conceivable that additonal tasks could be added - 
Larger 

More 

In conclusion, it is therefore determined that no changes were required to 
the current design of Experiment M508. Based on currently available information, 
Experiment M508 will yield data that is of significant value to designers of ad- 
vanced spacecraft for both IVA and EVA operations and will also provide data on 
the capabilities of astronauts to perform operations and experiments required on 
advanced space missions. 

3.5,2 RESTRAINT EVALUATION 

The purpose of this section is to document the effort and analysis concerned 
with the restraint selection for the Astronaut Performance Program (M508), The 
restraints selected for this program were a handhold, the Gemini'Dutch Shoes, a 
rigidizeable/flexible waist tether and the combination of both the shoe and waist 
restraint, This study was not directed at restraint system design but rather the 
evaluation of restraints as they affect man's performance in space, both IVA & 
EVA, 
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3,5,2.1 In t roduct ion  

Res t r a in t s  of some type are an absolu te  requirement i n  the  0-gravity environ- 
ment i n  order  f o r  man t o  perform work o r  even t o  remain s t a t iona ry  a t  rest a t  a 
f ixed  point .  To d a t e  t h e  Mercury, Gemini and Apollo f l i g h t s  have been of rela- 
t i v e l y  s h o r t  dura t ion  and the  amount of “free-space volume has been l imited.  
Future space f l i g h t s  of long dura t ion  and espec ia l ly  t h e  planned AAP o r b i t a l  
f l i g h t s  w i l l  provide man with much g r e a t e r  volumes such as the  S-IVB Workshop i n  
which t o  work, I n  add i t ion  he w i l l  have a grea te r  v a r i e t y  of work s t a t i o n s  both 
I V A  & EVA, and as mission durat ions increase  i t  can be predicted t h a t  more main- 
tenance type EVA t a sks  w i l l  be required,  

No one r e s t r a i n t  has  ye t  been designed which can be considered optimum o r  
could f u l f i l l  a l l  the  requirements of a r e s t r a i n t  system. Res t ra in t  design and 
evaluat ion is of primary importance t o  space s t a t i o n  designers ,  
state-of-the-art restraints are of t h r e e  types: handhold restraints, w a i s t  
r e s t r a i n t s ,  and foo t  (shoe) r e s t r a i n t s .  Variat ions on these  th ree  types have 
included t o e  t r aps ,  t h igh  t r aps ,  s t i r r u p s ,  r i g i d  and f l e x i b l e  t e t h e r s ,  and recent  
emphasis has  a l s o  been d i r ec t ed  a t  “ a r t i f i c i a l ”  gra?rity vector  r e s t r a i n t s  e i t h e r  
making use of negator  spr ings  o r  s t r a p s  f o r  c rea t ing  the  grav i ty  vector .  

I n  general ,  

As previously mentioned, each r e s t r a i n t  has  m e r i t  f o r  a p a r t i c u l a r  type of 
task but  a l s o  c e r t a i n  shortcomings i n  r e l a t i o n  t o  o ther  tasks .  The following 
sec t ions  of t h i s  r epor t  w i l l  d iscuss  some of t he  r e s t r a i n t  da ta  ava i l ab le  i n  the  
l i t e r a t u r e  and list t h e  requirements f o r  r e s t r a i n t  systems, A trade-off matr ix  
i s  included a t  t h e  conclusion of t he  r epor t  re levant  t o  the  r e s t r a i n t s  s e l ec t ed  
f o r  t he  Astronaut Performance Program, 

3.5.2.2 L i t e r a t u r e  Review 

There are r e l a t i v e l y  few repor t s  ava i l ab le  which dea l  with r e s t r a i n t s  o r  
r e s t r a i n t  systems f o r  use a t  worksi tes ,  Rather, t he  majori ty  of r e p o r t s  have 
d e a l t  with r e s t r a i n t s  as they are used f o r  the  launch and re-entry environment, 
This i s  n o t  t o  imply t h a t  r e s t r a i n t  systems a re  no t  being designed and evaluated. 
NASA and t h e  A i r  Force have s tud ie s  i n  progress  which are d i r e c t l y  appl icable  t o  
r e s t r a i n t  evaluat ion.  

Probably the  most comprehensive r e s t r a i n t  eva lua t ion  document ava i l ab le  t o  
da t e  are t h e  Summary of Gemini Extravehicular  Ac t iv i ty  Report MSC-GR-67-2, 
June, 1967 and Extravehicular  Act iv i ty  Design Criteria Revision A, MSC, September 
20, 1968. The f ind ings  of these r e p o r t s  i nd ica t e  the  following: 

A handra i l  w a s  found use fu l  as a handhold r e s t r a i n t  f o r  making and 
breaking a n i t rogen  connector. 
a rec tangular  c ros s  sec t ion  is  preferab le  t o  c y l i n d r i c a l  c ross  sec t ion ,  

P i l o t  preference seemed t o  i n d i c a t e  

Telescoping cy l ind r i ca l  handra i l s  w e r e  u se fu l  f o r  t ravers ing  but  t he  
f l e x i b i l i t y  of t h i s  type of device caused t h e  p i l o t  t o  have a l o s s  of 
body pos i t ion ing  and a t t i t u d e ,  
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3,5,2,2 Literature Review (Continued) 

Fixed handholds were useful in flight but again pilot preference 
tended towards rectangular cross sections over cylindrical cross 
sections a 

Portable handholds of the Velcro interface type were adequate for 
stationary positioning but poor for controlled maneuvering. They 
recommend using them only when fixed handholds could not be provided. 
Possibly a better design of attachment to the vehicle/work station 
would enhance the use of this type of device, 

e Waist tethers of the flexible variety proved useful as restraints for 
both localized work and rest. 

Pip pin handhold devices were also useful €or changing body position. 
The T-shaped pip pins were a convenient shape and size for hand gripping. 
Anti-rotation of the pip pins is desirable if the subject is expected 
to be capable of precise alignment. 

Foot restraints of the stiprup variety were inadequate for body restraint 
because they offered no heel support, 
to all restraints evaluated. 
envelolle and a good energy sink for emitting forces, 
able to very nearly duplicate their one-g baseline proficiencies. 

The dutch shoe was far superior 
They afforded the pilots a large work 

The pilots were 

Additional published and unpublished studies are referenced in other sec- 
tions of this report. 

3,5.2.3 Restraint Requirements 

The following is a list of restraint requirements which pertains to all 
possible conditions and considerations for which a restraint system is germane, 

3.5.2.3.1 Safety 

Restraints must be safe to the point of obviously not injuring the user but 

The Gemini Dutch Shoes are a 
in the hazardous environment of space, must not trap the subject, ieees restraints 
must be of the quick release of fail-safe variety. 
good example of this type. 
simply twisting his foot and pivoting his toe towards his body centerline. Waist 
restraints generally have the airplane quick release seat belt, snaps, Velcro, or 
other means of quick release. 
ends back through double ring sets as are used on older SCUBA gear is not advis- 
able. They do not hold as snugly and require greater effort to achieve release, 
In an emergency condition the least effort and time loss in restraint release is 
most necessary, Along these same lines donning and doffing, including the quick 
release feature must be within the capability of the user,without help from a 
second individual. 

Personnel can free themselves of the restraint by 

Quick release buckling achieved by looping belt 
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3,5.2,3,2 Comfort 

Res t r a in t s  a t  worksi tes ,  e spec ia l ly  those which r equ i r e  long t i m e  durat ions 
as i n  console type worksi tes ,  must be comfortable. 
considered here. The f i r s t  i s  t h a t  of subjec t  i n t e r f ace .  Res t r a in t s  which provide 
pressure po in t s  t o  t h e  body of t he  user  are obviously no t  very des i r ab le  even 
though they provide maximum s t a b i l i t y .  
e f f o r t  required by personnel t o  u t i l i z e  t h e  r e s t r a i n t .  A drawback t o  the  a r t i f i -  
c i a l  grav i ty  r e s t r a i n t s ,  f o r  long usage per iods,  is  t h e  degree of e f f o r t  required 
by the  use r  t o  maintain himself aga ins t  t h e  force  of t h e  grav i ty  vector .  
l a r l y ,  a handhold restraint provides  a tremendous range of motion(equa1 t o  the 
rad ius  of t h e  l e f t  hand t o  r i g h t  hand span i n  any d i r ec t ion )  but  requi res  a tre- 
mendous e f f o r t  by the  use r  t o  both move and maintain s t a b i l i t y .  
r e s u l t s  of t he  NASA HECMAR (Human Engineering Criteria f o r  Maintenance and Repair 
of Advanced Space Systems Study, Contract No. NAS8-21429) ind ica t e  t h a t  the  hand- 
hold is  almost t o t a l l y  use less  as a r e s t r a i n t  f o r  p rec i s ion  motion and cont ro l ,  
e spec ia l ly  i n  t h e  pressure  s u i t  condition. 

Two f a c t o r s  of comfort are 

The second aspec t  of comfort is t h a t  of 

S i m i -  

Preliminary 

3.5.2.3.3 Range of Motion 

Generally speaking, t he  g rea t e r  range of motion provided by a r e s t r a i n t ,  t he  
The r i g i d  w a i s t  r e s t r a i n t  pro- g rea t e r  is  i t s  app l i ca t ion  t o  a v a r i e t y  of tasks .  

v ides  the use r  wi th  g rea t  s t a b i l i t y  and comfort bu t  l i m i t s  t he  workspace volume 
t o  which the  subjec t  has access. The f l e x i b l e  waist t e t h e r  increases  t h e  range of 
motion but  degrades the  users  s t a b i l i t y .  A r i g id i zab le ,  f l e x i b l e  t e t h e r  appears 
t o  be a good compromise between the  two extremes. Dutch shoes, i n  add i t ion  t o  the  
handhold, provide a su rp r i s ing ly  l a r g e  work access  volume t o  the  f r o n t  of the  sub- 
j e c t ,  t o  h i s  prefer red  hand s ide ,  and a l s o  t o  h i s  rear. The previously mentioned 
HECMAR study has r e s u l t s  of subjec ts  i n  t h e  s h i r t s l e e v e  mode reaching t o  rear i n  
excess of 90" as measured from t h e  f r o n t  of the  dutch shoe r e s t r a i n t ,  But here  
again, a f t e r  long per iods  the  sub jec t s  experienced pain and f a t igue  i n  t h e  lower 
por t ion  of t h e i r  l egs  and ankles 

3.5,2.3.4 S t a b i l i t y  

A prime requirement of a r e s t r a i n t  i s  the  degree of s t a b i l i t y  provided t o  
the  user. Console t a sks  such as reading meters, observing CRT'S, and making 
p rec i se  con t ro l  motions (depressing pushbuttons, tu rn ing  continuous r o t a r y  
switches, etc,) r equ i r e  a high degree of  s t a b i l i t y .  Also many maintenance tasks ,  
both IVA and EVA, pu t  high demands on r e s t r a i n t  (user)  s t a b i l i t y ,  Both the  w a i s t  
r e s t r a i n t  and dutch shoes (at c lose  reach poin ts )  provide good user  s t a b i l i t y .  
The handhold runs an extremely poor th i rd .  
subjec t  e f f o r t  aga ins t  t he  a r t i f i c i a l  g rav i ty  vec tor  may tend t o  induce muscle 
tremors a f t e r  prolonged usage, 

Similar ly ,  r e s t r a i n t s  which r equ i r e  
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3,5,2.3,5 Force Application 

Another prime requirement of a restraint is to provide an energy sink for 
force application by the user. 
stability by the amounts of force exerted by the user. 
stability for precise displacements of small force magnitude but be useless in 
large force applications. 
sink of the restraint has a significant bearing on maximum forces. 
force (impulse, sustained, precise and etc.) also have a relationship to the type 
of restraint utilized. The NASA study contract, Human Engineering Data for Main- 
tenance and Repair of Advanced Space Systems, Experiment 84A, NAS8-18117 studied 
this relationship, 
versus sustained), force direction (push, pull, up, down, right, left), angle of 
force application,, distance of force application, orientation of handle used to 
induce the force (vertical versus horizontal), and restraints (hand, waist, shoe, 
hand and waist, hand and shoes, waist and shoes, and hand, waist and shoes in 
combination. The conclusions obtained from the performance and analysis of this 
study are generally as follows: 

This requirement is differentiated from that of 
A restraint may provide 

Also direction of the force in relation to the energy 
Types of 

Some of the variables considered were type force (impulse 

Impulse and sustained forces differed significantly across the 
restraints used. For single restraints, the waist restraint is 
best for Push/Pull force emissions. 
Up/Down force emissions. A handhold is best for left directions. 
All single restraints are equally poor for assisting in right dir- 
ection forces. For multiple restraints, the handhold, waist, and 
shoes combination was best for Push/Pull sustained forces. The 
handhold and shoes combinations was best for Up/Down and Left/Right 
sustained force emissions. 

Dutch shoes are best for 

The waist restraint was the only single point restraint in which 
a significant sustained (above 10 lbs.) mean Push/Pull force 
could be exerted. 

Handhold restraint provided the capability for sustaining signifi- 
cant (above 10 lbs.) mean forces in only the Left/Right directions. 

The shoe restraint provided the capability for sustaining signifi- 
cant (above 10 lbs.) mean forces in only the Up/Down directions. 

3,5.2.3,6 EVA/IVA Usability 

A restraint design for IVA considers the man in the shirtsleeve environment 
The interface of the man while EVA considers the man in the pressure suit mode. 

to the restraint is significantly different. The pressure suited waist circum- 
ference is significantly larger, the dutch shoes are designed to accept the space- 
suit boots, and even the handhold diameters are larger for the pressure suited 
mode because of the difficulty in grasping with the pressurized glove, 
another requirement of EVA restraints are that they be easily installed at the 
worksite, 
place on the surface of the vehicle such as in meteorite puncture repair. It 

Still 

Unscheduled maintenance activity which requires, EVA may be at any 
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3.5.2.3.6 EVA/IVA Usability (Continued) 

would be impossible to have permanent restraints at all possible sites. 
will have to transport the restraint to the site, install it, don, doff, remove 
it, and return it to the vehicle, Therefore, it must be of minimum size, yet 
provide the user with the capability of performing many different tasks which 
may require mobility, stability, force emission, etc, 

The user 

3.5.2-3.7 Task Requirements 

By far the most restricting or limiting of all restraint requirements is 
that of "what task is the user required to perform while in the restraint", 
sole panel tasks in 1-g, which require long duration (excess of 20 minutes) 
performance, always requires that a seat of some type be provided for the oper- 
ator. The reason is, of course, fatigue due tc the countering of gravity required 
to stand. 
and has the desirability of increasing the usable console area because of the 
larger "standing" work envelope. 
range of motion is defeated if the operation is required to perform precise, con- 
trolled displacmments or high force emissions. 
ments are of such a special nature that they each have their own pecular restraint 
requirements. For example, tracking tasks or vision experiments require such 
extreme subject stability that "sit-down" type chairs with lap harnesses or even 
head clamps/restraints are required to maintain complete subject stability. 
Another example of these specialized missions would be where one astronaut serves 
as a subject and the second astronaut serves as the experimenter, 
nay be immobilized in a rotating litter chair while the experiment monitors a 
console, maintains visual continuity with the subject, and in the event of an 
emergency comes to the aid of the subject as quickly as possible, 

Con- 

Therefore a "standing" console operation in space will not be unusual 

But conversely, this very concept of increased 

Many of the planned AAP experi- 

The subject 

3.5,2,3.8 Restraint Interfaces 

A final requirement for restraints is the interface between the restraint 
Permanent restraints do not tend to be a problem in that the and the vehicle, 

design is integrated into the work area. 
other than those already discussed, is that they be of minimum weight for launch. 
Portable restraints are more of a problem in that they must attach to a variety 
of surfaces both IVA & EVA, 
that a few restraints can serve many locations. 
restraints are Velcro (nylon, polyester, and steel), pip pin attachments, thermal 
set adheisve,, electro-adhesive devices, and cam lock devices to mention a few, 
A number of these have been evaluated on the Gemini flights. 
required in this area, 

Another requirement for fixed restraints 

Portable restraints are practical from the standpoint 
Candidates for attaching portable 

Additional work is 

3.5.2,4 Summary 

Restraint systems for IVA and EVA worksites will be required for all future 
space flights. 
timum restraint, 

No one restraint system fulfills all the requirements for the op- 
The Astronaut Performance Program recognizes thts problem and 
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3.5.2-4 Summary (Continued) 

has made restraint evaluations a major portion of the study effort, 
restraints have been selected as experiment variables for the evaluation based 
on a review of the state-of-the-art restraints. The trade-off matrix at the end 
of this report indicates that a maximum return of data will be realized from using 
these restraints in that they are the current "best guess'' types of restraints 
which will be used in future space stations, 
cal ratings assigned to the restraints are not intended to represent absolute 
values but rather are the subjective evaluations and ratings of engineers and 
psychologists familiar with 0-gravity restraint requirements and as such represent 
professional judgment data. 

Three 

It should be noted that the numeri- 

An explanation of the ratings follows: 

Ratings - 1 to 5 - higher numbers indicate the restraint possesses a 
higher degree of the particular characteristic than theother 
restraints. 

Category Considerations - Safety - degree to which the subject is en- 
cumbered by the restraint and time required to free himself from the 
restraint. 

Range of Motion - volumetric area which can be reached by user when in 
the restraint e 

Stability - degree of stability provided to body/limbs for performing 
precise and controlled limb motions. 

Force Application - the energy sink ability of the restraint for 
exerting forces by the pilot. 

EVA Usability - degree of low bulk and weight required to take to the EVA 
worksite 

Task Applications - degree to which the restraint is versatile for con- 
sole tasks, maintenance tasks, etc. 

State-of-the-ArtIExperience - the degree of test and evaluation to which 
the restraint has been subjected. 

Energy Expenditure - the amount of energy not required in utilizing the 
restraint e 

The Gemini Dutch shoes and rigidizeable waist tether were selected for 
M508 evaluation on the basis of their high ratings on the Restraint Trade-off 
Matrix (Table 3-10). Rather than choose a second waist restraint (as would be 
dictated by the evaluation point totals) or a seat-type restraint (which were 
to be evaluated in Experiment D020), a combination of the waist and shoe restraints 
was chosen as a third experiment variable, In addition, a handhold restraint is 
utilized at various points in the task sequence as a secondary restraint because 
of a favorable evaluation in the trade-off matrix, ease Qf installation and use, 
and because of favorable experience concerning handholds during previous missions, 
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3,6 Candidate Task Sequence 

The analysis described above resulted in the generation of a sequence of 
tasks which comprised the definition of the M508 Experiment. 
into an ordered sequence to approximate an actual manned intra- or extra-vehicular 
function, 
Block Diagram in Figure 3-6. 

The tasks were set 

The sequence as it ultimately evolved is shown as a Functional Flow 

Each performance of the task sequence requires approximately 1 hour of sub- 
ject time and is to be performed under the following conditions: 

Subjects - 2  

Suit Conditions - 3  - Shirtsleeves 
Apollo Block I1 
AES 

Restraint Conditions - 3 - Variable Flexibility Waist Tether 
Gemini Dutch Shoe 
Waist Tether and Dutch Shoe 

Replications - 2  

These combine for a total of 36 experiment sessions, which can be performed in 
zero-g conditions (real or simulated). In a 1-g environment, the "Waist Restraint 
Only" condition must be deleted, leaving only 24 sessions. 

The particular items which comprise the task sequence are outlined below. 
Detailed descriptions of subject tasks, controlled variables and resulting mea- 
sures are given in section 5.0. 

3.6.1 INSTALLING PERSONAL RESTRAINTS 

One of the first tasks facing the astronaut in performing any operation at a 
worksite will be to secure himself with adequate restraint devices which permit 
the use of both hands on the job. Large volume space stations and structures 
are not likely to have restraints available for every potential worksite. 
fore, the astronaut will be required to install and don his own personal restraints, 
This task is to evaluate the problems, design details, procedures, forces and sup- 
port equipment required for worksite restraint installation. The task begins with 
the astronaut at the worksite location, ready to begin the experiment, The equip- 
ment required will include: 
tools; equipment tethers, 

There- 

handhold; waist tether and/or Dutch shoe restraint; 

3.6,2 GAIN ACCESS TO THE TASK PANEL 

The second area experimentally studied involves the gaining of access to the 
equipment which must be operated or maintained, In most'cases of aircraft and 
spacecraft design, equipment that is not continuously monitored or operated is 
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3 , 6 , 2  GAIN ACCESS TO THE TASK PANEL Continued) 

covered to protect it from damage or undue exposure. 
equipment accessible only through aerodynamic surfaces or structures. 
this task is designed to evaluate the problems associated with removing and 
replacing access panels, evaluating various fasteners and connectors and providing 
suitable interim stowage locations in the zero-g environment. The equipment 
required includes: panel fasteners and connectors; tools; and interim stowage 
restraints/tethers/fasteners, 

This is especially true of 
Therefore, 

3 . 6 , 3  PERFORM SPECIFIC TASKS 

This section describes the specific tasks that the subject performs inside 
the task panel. 
framework of the total experiment. Each of the sub-experiments has its own 
variables and measures, is designed to provide information on specific questions 
and is independent of the other sub-experiments. Consequently, the sub-experiments 
can be modified or replaced without significantly affecting the other sub- 
experiments * 

These tasks are actually sub-experiments contained within the 

3 . 6 . 3 . 1  Inspection, Activation and Checkout 

Once an astronaut has access to the work area, he may then proceed to per- 
form the specific maintenance, repair or investigation that is required. Such 
tasks will first require that the astronaut visually scan the work area to gener- 
ally determine status and integrity, and then checkout the performance of various 
pieces of equipment. 
actions while actually preparing equipment modules for subsequent phases of the 
experiment. 

This experiment will require the subject to perform such 

3 . 6 , 3 , 2  Two-Hand, Eye/Hand Coordination Task 

Thw Two-Hand, Eye/Hand Coordination Task is representative of several aspects 
of operational EVA/IVA maintenance and repair tasks including electrical checkout 
and calibration procedures, 
tasks such as eyelhand coordination, fine manipulation, alignment and adjustment 
of calibration type controls. The experimental design is constructed to assess 
restraint devices, suit performance characteristics, and degradation due to 
limited access, using a two-hand coordination task, 

The task is designed to include visual and psychomotor 

The equipment used for the study will include: digital display; electrical 
contacts -- male, female and solder joint; contact probe, coarse and fine poten- 
tiometers, and an analog meter, 

3 , 6 , 3 , 3  Precise Hand Movement Task 

The Precise Hand Movement Task requires the subject to perform precise hand 
movements with varying degrees of difficulty and force exertion requirements, 
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3,6,3,3 Precise Hand Movement Task (Continued) 

The specific task the astronaut will perform is to trace a maze path with a stylus 
probe, 
diameter. The lateral forces required to move the stylus are either 1.25, 2.50 or 
5.0 lbs, This type of task is inherent in many of the spacecraft EVA/IVA opera- 
tional procedures and provides an excellent method for reliable and quantitative 
evaluation of restraint capabilities, suit performance characteristics and access 
envelopes while performing a fine manipulative control task. 

The width of the path varies from 1" to 3/32'' and the probe is 1/16!' in 

The experimental design is constructed to assess restraint devices, suit 
performance characteristics and limited access degradation using a preferred 
hand, precise movement task. 

The equipment used for the study will include: hand motion measurement 
panel; hand stylus; maze path; coupled timers; and a contact detector. 

3.6.3.4 Maximum and Precise Force Emission Tasks 

One basic task to be performed by man during space flight is the exertion of 
forces of various types and directions. Typical tasks requiring force exertion 
are the need to remove and stow, assemble and disassemble, install structural 
components, and the requirement for man to move himself. This task is designed 
to evaluate and quantify man's ability to generate impulsive, sustained and pre- 
cise forces under various conditions of restraint, type of suit and location of 
force receiver It 

The sequence of Figure 3-6 indicates that the force emission task is always 
performed prior to the tool evaluation task. 
are alternated to reduce fatigue effects, 

In fact, the force and torque tasks 

This portion of the sequence also includes a module positioning task. The 
force receiver module is removed from the "optimum", central location in front of 
the subject, transferred to an alternate location and installed into a receptacle 
provided as part of the task panel, 
repeated at this additional location. 

The manual force emission tasks will be 

The equipment used includes: the force receiver module, subject cue panel; 
D-handle; force readout; and observer test panel, 

3,6.3.5 Tool Evaluation Task 

During spaceflight maintenance and repair operations, man will be required 
to use tools to exert torques of various magnitudes. 
this type of force application are removal and stowage, assembly and disassembly 
of component parts, and structural component installation. This experiment is 
designed to measure man's ability to generate impulsive, sustained and precise 
torques utilizing different types of tools under various conditions of restraint, 
type of suit and force receiver location, 

Typical tasks requiring 
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3.6.3,5 Tool Evaluation Task (Continued) 

This po r t ion  of t he  sequence a l s o  includes repos i t ion ing  t h e  force  receiver 
module t o  an a l t e r n a t e  loca t ion  and repeat ing t h e  too l  eva lua t ion  tasks .  

The equipment used includes: the  fo rce  rece iver  module; cue l i g h t  system; 
T-handle and r a t c h e t  wrenches; fo rce  readout; and observer test panel. 

3 e 6 a 3 .) 6 Component Assembly Pane? 

The Operat ional  Maintenance Task requi res  t h e  as t ronaut  t o  perform a r e p a i r  
of a pressure valve assembly i n  a low pressure gas  plumbing system. 
requi res  f a u l t  i s o l a t i o n ,  removal and replacement of a f a i l e d  component from t h e  
system, and r e tu rn  of t he  system t o  opera t iona l  s t a t u s .  

The t a s k  

The experiment equipment used f o r  t h e  study includes: plumbing assembly 
with replaceable  component; p ressure  readout meter; v i s u a l  cue alarm; hand 
operated compressor; relief valve, pressure  con t ro l  valves; and appropriate  wren 
wrenches e 

3.6.4 SECURING THE WORKSITE 

A t  t h e  end of any opera t iona l  task ,  i t  would be necessary t o  secure equip- 
ment t h a t  had been opened f o r  se rv ic ing  o r  temporary use, and it  is the re fo re  
considered worthwhile t o  take da ta  on the  securing of t he  worksite. Although 
the  t a sks  are i n  a sense "mirror images" of those performed a t  t h e  beginning of 
t h e  sequences, a number of f ac to r s ,  such as the  f a t igue  induced by the  tests, 
w i l l  be d . i f ferent  a t  t he  end of t h e  sequence. 

Table 3-11 i s  a d e t a i l e d  breakdown of t h e  Functional Flow Block Diagram. 
I n  add i t ion  t o  the  de t a i l ed  step-by-step procedures, the  t a b l e  shows the  va r i ab le s  
andlor  condi t ions f o r  each s tep ,  t h e  measures t o  be  taken and t h e  estimated 
d i s c r e t e  and elapsed t i m e .  
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SECTION 4 

TASK PAN= DEVELOPMENT 

4.1 TASK PANEL EVOLUTION 

The development of the task panel followed an iterative process that closely 
paralleled the development of the task sequence, An initial candidate task 
sequence was defined through the analytical steps described in Section 3.0,  This 
sequence was then used as the basis for determining the task panel functional and 
design requirements. Simultaneous with and integrated into the development of 
the functional and design requirements was the specification of the man/machine 
interface criteria to be utilized in the development of the task panel system. 
The above steps resulted in a task panel conceptual design that specified as 
many design details as possible and identified design questions that required 
further investigation. 
unresolved design questions and the results were used to finalize the task panel 
design. The following sections detail the efforts accomplished in the evolution 
of the task panel hardware design. 

A feasibility test program was accomplished to answer ihe 

4.1.1 FUNCTIONAL AND DESIGN REQUIREMENTS 

A Functional and Design Requirements Specification was prepared to provide 
the interface information between the Candidate Task Sequence data and the equip- 
ment design details. It converted experiment requirements into information 
required for hardware design,and it also served as an initial reference point for 
identifying equipment required to perform the experiment both in the various 
ground-based simulation media and in the space situation. 

The equipment was described by specifying its function and desired features 
in accordance with the following definitions and interpretations which are con- 
sistent with NPC-500-1 and MSC-KA-D-68-1. 

Requirements - Overall term which recommends, limits, defines, dictates, 
etc., the design approach developed by the contractor for contract 
compliance. 
and Design and Construction Requirements. 

Requirements may consist of Performance Requirements 

Performance Requirements - Consists of Functional Characteristics and 
other items (not immediately pertinent), This document was con- 
cerned with Functional Characteristics - what the item does in 
functional terms, design constraints which direct and limit design 
but do not preclude design. 

Design and Construction Requirements - Consists of General Design Features 
and other items (not immediately pertinent), This document attempts 
to specify General Design Features - those features which are experi- 
mental variables and dictate design such as size, weight, shape, 
color, controls, etc, 

The information in Table 4-1 identifies the required equipment: and the asso- 
ciated functional and design requirements, 
Title information corresponds to an earlier version of Figure 3-6, p5.08 Experi- 
ment Sequence Functional Flow Block Diagram. 

The Functional Flow Block Number and 
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4 1 e 2 W/MACHINE INTERFACE CRITERIA 

Fundamental to the Task Panel design requirements were the Man/Machine 
interface Criteria which were selected both for investigation in the experimental 
program and for general applicability to the Task Panel design, A document con- 
taining this information was prepared from information derived from several per- 
tinent human engineering documents. It is important to note that in a human fac- 
tors experiment such as this, the requirements of the specifications must be 
understood completely and applied judiciously--especially in those situations 
where a definitive requirement in a specification is a variable for manipulation 
in the experiment. 

This section contains the ManjMachine Interface Criteria developed for this 
program. 

4.1.2.1 Controls and Displays 

4.1.2.1.1 Functional Relationships and Location 

Whenever possible, the relationship of a control to its associated 
display shall be apparent through proximity of location. 

Groups of controls and displays shall be located for top to bottom 
or left to right use. 

For the purpose of maintaining control of variables associated with 
viewing angles, the cue panel shall be optimumly located (at approxi- 
mately eye-level) and shall remain in the same position for all force 
receiver tasks. 

Clockwise movements of a rotary control shall cause a left to right 
movement of linear scale pointers. In addition, clockwise motion 
shall cause an increase in magnitude of values. 

4.1.2,1.2 Control Display Ratio 

Coarse setting knobs shall provide for approximately 6" of display 
element movement for one complete turn of knob. 

Fine setting knobs shall provide for approximately 1 to 2 inches of 
display element movement for one complete turn of knob. (See 4.1.2.1.9 
for knob dimensions .) 
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4.1.2,1.3 Display Orientation 

Display faces shall be perpendicular to the operator's normal line 
of sight whenever possible. 

Locations and surfacing shall be selected to minimize ambient light 
reflection. 

Viewing distances shall be approximately 20" (function of location of 
restraint) 

4.1.2.1.4 Transilluminated Light 

Ordinarily, transilluminated light should be avoided as legend lights 
because of power drain. Critical status lights (go-no/go) and cue 
lights are best displayed by transilluminated sources but their use 
should be minimized 

Brightness of transilluminated indicators shall be at least 10% 
greater than surround brightness but shall not exceed 300%. 

Color coding shall be as follows: 

Red - Failure, error, no-go (flashing red at 3-5 flashes per second 
shall be used for emergency conditions such as physiological 
readouts which approach danger margins). 

Yellow - Caution or marginal conditions as the pre-red physiological 
.readout 

Green - Go. 
White - Conditions which have no right or  wrong connotations. 

4.1,2.1.5 Meters 

Moving pointer, fixed-scale indicators shall be used in preference to 
the converse. 

Whole numbers shall be used for major scale graduations, for instance, 
0 through 9. 

cp Four lines shall be located between whole numbers representing two tenths 
or units depending on meter select scale, 

Meter select scale shall be 1X and 1OX and selection shall be via a 
labeled two position recessed toggle switch. (See controls 4,1,2,1,9 
for toggle switch dimensions.) 
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4,1.2.1.5 Meters (Continued) 

Meter po in t e r  s h a l l  extend t o  but  not obscure s c a l e  graduations. 
of t h e  po in te r  where it i n t e r c e p t s  t h e  graduation marks, s h a l l  not  ex- 
ceed the width of the  intermediate marks. Pa ra l l ax  s h a l l  be reduced. 

Width 

Ca l ib ra t ion  adjustments s h a l l  be located on meter surface and not  be 
subjec t  t o  acc iden ta l  ac t iva t ion .  

B, Meter s h a l l  be i so la ted  from veh ic l e  and/or vehicle  subsystem vibra t ions .  

4.1 e 2 1.6 Alpha-Numeric Displays 

e A d i g i t a l  readout s h a l l  be used f o r  providing numerical cue da ta  t o  
subjec t  . 

Q A th ree  d i g i t  readout s h a l l  be provided including a decimal point .  Two 
d i g i t s  s h a l l  be t o  the  l e f t  of t h e  decimal and one d i g i t  t o  t h e  r i g h t  
of the  decimal. 

e The height t o  width r a t i o  of numerals s h a l l  be 1:l (excepting number 1). 

e Spacing between numerals s h a l l  be approximately 318 of numeral width. 

Numerals shall change by snap a c t i o n  r a t h e r  than be continuous. 

e I f  possible ,  alpha-numeric counters s h a l l  be self- i l luminated,  

4.1.2.1.7 Auditory Warnings 

Auditory warnings s h a l l  be present  a t  the observer 's  panel f o r  c r i t i c a l  
(physiological)  functions.  

Auditory warnings s h a l l  cons is t  of two elements , an a l e r t i n g  s i g n a l  
and an iden t i fy ing  s i g n a l ,  unless keyed t o  a warning ind ica tor .  

B, Major concentration of energy i n  audio warning s igna ls  shall be between 
250 and 2,500 HZ. Sound pressure leve l  s h a l l  be a t  least 20db above 
maximum an t i c ipa t ed  ambient (not t o  exceed 100 db). 

4,1.2,1.8 Toggle Switches 

Toggles s h a l l  be recessed t o  avoid acc iden ta l  ac t iva t ion .  

Toggles s h a l l  provide snap a c t i o n  contacts  
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4.1.2.1.8 Toggle Switches (Continued) 

Minimum angular displacement of bat stem shall be 30°, 

Resistance shall be between 10 oz .  and 70 oz.  

Toggle bats should provide a curved finger recess to minimize recessed 
openings. Finger recess shall accommodate a pressurized gloved finger, 

4.1.2.1.9 Rotary Knobs 

Rotary knobs shall be used for meter setting tasks. 

Small knobs shall be used for gross settings and large knobs for precise 
settings 

Small knobs shall be a minimum of -375 in diameter and large knobs shall 
be a maximum of 4.0 inches. 

Resistances shall be no more than 4.5 inch-ounces of torque for small 
knobs (less than 1") and no more than 6 inch-ounces of torque for large 
knobs e 

a Minimum depth of all knobs shall be 0.5". 

4.1.2.1.10 Pushbuttons 

o Timer activation switch shall be a transilluminated push-on and push-off 
pushbutton. 
is off. 

Indicator will be lit when timer is on and off when timer 

Pushbuttons shall be a minimum of 0.5 inches in diameter. 

e Minimum activation and deactivation displacement shall be 0,125". 

o Mini-maximum resistances shall be 10 to 40 o z ,  respectively, 

Buttons shall have a snap-action contact, 

4.1,2,2 Fasteners and Connectors 

4,1.2.2.1 Hand Operated Fasteners 

(B Quick release fasteners shall be used for fastening tasks which are per- 
formed with a high frequency, loads permitting, 

4-44 



4.1,2,2,1 Hand Operated Fasteners (Continued) 

Quick release fasteners shall be used to release astronaut from waist 
restraint and other incumbrances which may create a safety hazard in 
emergency conditions. 

Quick release fasteners shall require no more than a 314 turn. 

e Quick release fasteners shall be spring-loaded and captive. (Tethered 
as required,) 

Fasteners which are not quick release shall require no more than 10 
turns to fasten/unfasten, 

a Fasteners of wing nut and knurled knob variety shall be at least 1" in 
diameter and 112'' in depth, 

e Maximum torque requirements for finger operated fasteners shall not ex- 
ceed 80 inch-ounces. 

Thumb press pip pins shall provide a minimum of 0,5" thumb surface and 
0.75" finger surface at each finger, 
ounces 

Resistance shall not exceed 40 

4,1,2.2.2 Tool Operated Fasteners 

o External and internal hex grasping shall be provided for all fasteners, 

Fasteners shall be captive, 

External diameter (measured from flat to flat) shall be 1/2". 
Internal diameter (measured from flat to flat) shall be '1/4". 

4,1,2,2.3 Hand Operated Connectors 

Connectors used for electrical or fluidic line connections shall be of 
the quick-disconnect variety, i.ea9 bayonet, cam-lock, thread assist. 

No more than one turn shall be required for connect/disconnect. 

Minimum diameter shall be 1" and 1/2" in depth. 

e Maximum torque required shall be 100 inch-ounces. 

Connectors for electrical lines shall be physically keyed, 

rsr The "hot" contacts shall be in the female receptacle. 
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4.1,2,2.4 Tool Operated Connectors 

F lu id i c  l i n e  connectors may be t o o l  operated when required f o r  seal 
s t r eng th  i n t e g r i t y .  

Number of t u rns  required t o  t ighten/ loosen should be minimized, no t  t o  
exceed 10. 

Tool i n t e r f a c e  s h a l l  be an open end wrench. 

e Obstructions t o  t o o l  operat ion s h a l l  permit a minimum of 1 /2  tu rn  with- 
out  repos i t ion ing  too l .  

4.1.2.3 Tools 

Power t o o l  requirements s h a l l  not be spec i f i ed  i n  t h i s  document because 
t h e i r  use s h a l l  depend on a v a i l a b i l i t y  of present  devices under development. 
Power t o o l  devices s h a l l  be i n  compliance with s a f e t y  requirements spec i f i ed  i n  
t h e  sa fe ty  sec t ion  of t h i s  report .  

4,1,2.3.1 Ratchet Wrench 

Wrench length  s h a l l  be approximately 8" long and approximately 0,75" i n  
diameter e 

Wrench s h a l l  be r eve r s ib l e  by s tandard lever lock switch (pos i t ions  s h a l l  
be labe led) .  

Sockets s h a l l  mate by p o s i t i v e  locking force.  

Sockets s h a l l  be t e the red  when not  a t tached  t o  wrench. 

Wrench s h a l l  accept  a t e the r .  

4,1,2.3.2 T-Handle Wrench 

T-handle wrench s h a l l  have a .25" dr ive ,  and be approximately 4" i n  
length* 

T-handle s h a l l  be .75" i n  diameter and 5.0" long (grasp sec t ion)  
Handle po r t ion  of "T". 

5.e. 

Wrench s h a l l  accept  a t e t h e r ,  
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4,1,2.3,3 Open-End Wrench 

Wrench s h a l l  be ad jus tab le  by spring-load de ten t ,  

Wrench s h a l l  ad jus t  t o  pos i t i ons  between 318'' and 1". o 

o Wrench loca t ions  s h a l l  be labeled.  

Wrench s h a l l  be 8" long ( t o t a l  length)  and approximately 1-1/2" by 518" 
shank s ize ,  

Wrench s h a l l  accept  a t e t h e r ,  

4.1.2.4 Res t r a in t s  and Tethers  

4.1.2.4.1 Hand Res t r a in t s  

Hand r e s t r a i n t  s h a l l  be 1.25" diameter by 5,5" long by 2.5" deep, 

6~ Hand r e s t r a i n t  s h a l l  accept a t e the r .  

e Hand r e s t r a i n t  s h a l l  be a t t achab le  ( to  bulkhead) by one hand. 

Grasp sur faces  s h a l l  be non-abrasive and non-slip, i a e e 9  coated with a 
r e s i l e n t  f r i c t i o n  material. 

Res t r a in t  s h a l l  be or ien ted  perpendicular t o  t h e  sur face  experiment 
panel. 

4.1,2,4.2 Waist Res t r a in t  

Waist r e s t r a i n t  s h a l l  cons is t  of a r ig id i zab le  f l e x i b l e  t e t h e r  with con- 
nec t ion  po in t  extending from r i g h t  and l e f t  s i d e  of subjec t ' s  w a i s t .  

Tethers  s h a l l  be  approximately 2 f e e t  i n  length. 

Tethers  s h a l l  t i gh ten  by a compression r a t che t  handle on one end and a 
r a t c h e t  wrench on t h e  o the r  end,, 
ac t ion  and pos i t i ons  s h a l l  be labeled.  NOTE: Ratchet wrench a t  w a i s t  
s h a l l  have phys ica l  coded lever pos i t ion ,  Le. ,  operator  s h a l l  be  a b l e  
t o  determine pos i t i on  r a t che t  lever is i n  ( t i gh ten  o r  loosen mode) by 
touch r a t h e r  than  v i s u a l  feedback. Ratchet wrench s h a l l  be loca ted  a t  
w a i s t  and compression r a t che t  a t  t e t h e r  mid-point, 
b e  approximately 4" long by 1 /2"  round. 
approximately 5" long and approximately 112'' round, One member, thumb 
s ide ,  s h a l l  be s t a t i o n a r y  and t h e  f inge r  s i d e  s h a l l  be movable. 

Both s h a l l  be r eve r s ib l e  by l eve r  lock  

Ratchet handle s h a l l  
Compression r a t che t  s h a l l  be 
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4 e 1 2 e 4 2 Waist R e s  t r a i n  t (Continued) 

e When t e t h e r s  are not  connected t o  bulkhead they s h a l l  a t t a c h  t o  spacesui t  
by appropriate  connectors ( funct ion of spacesui t )  e 

Waist-suit i n t e r f a c e  s h a l l  depend on s u i t  configurat ion.  
da t a  ind ica t e s  t h a t  i t  be  ad jus tab le  i n  width from 16" t o  22" and i n  
depth from 12" t o  14". It should be approximately 4 inches i n  width 
and loca ted  j u s t  above pe lv i c  height ,  approximately 42" from bottom of 
foo t  D 

Preliminary 

Distance of subjec t  from panel is  dependent upon pressure  s u i t  used. 
Preliminary analyses  ind ica t e s  t h a t  approximately 15" w i l l  be the  value 
f o r  two-handed tasks .  

When r ig id i zed ,  the  r e s t r a i n t  must provide a reasonable r i g i d  r e s t r a i n t  
i n  a l l  axes a t  a p rec i se  loca t ion  (TBD). 

Waist r e s t r a i n t  s h a l l  a t t a c h  t o  bulkhead by one hand quick-release tu rn  
lock  connectors. 

Height adjustment required f o r  as t ronaut  population (See anthropometric 
sec t ion)  a 

Waist r e s t r a i n t  must no t  i n t e r f e r e  with func t iona l  c h a r a c t e r i s t i c s  of 
s u i t  

4.1.2,4,3 Foot Res t r a in t  

Foot r e s t r a i n t  system s h a l l  a t t a c h  t o  bulkhead by tongue and groove s l o t ,  
(NOTE: Subject t o  re-evaluation.) 

Res t r a in t  s h a l l  be i n s t a l l e d  by hand operated lever lock. 

Res t r a in t  s h a l l  provide f o r  both f e e t  a t  approximately 12" between f e e t .  

Res t ra in t l shoe  i n t e r f a c e  is  subjec t  t o  pressure s u i t  d e f i n i t i o n  (must 
be quick release and not  t r a p  subjec t )  

Foot r e s t r a i n t  s h a l l  l o c a t e  sub jec t  such t h a t  the  cen te r l ine  of t he  fo rce  
receiver is a t  sub jec t ' s  n ipple  height  and 9,25" t o  t h e  r i g h t  of a l i n e  
drawn through t h e  center  of sub jec t ' s  s a g i t t a l  plane. This allows 
comparison of da ta  t o  Experiment 84A da ta  which used t h i s  re ference  
point .  
foo t .  Foot r e s t r a i n t  must provide adjustment f o r  as t ronaut  population 
(See anthropometric sec t ion)  

NOTE: 

Module height  i s  approximately 50" 2 inches from bottom of 
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4.1.2,4.4 Lanyard 

Lanyards s h a l l  connect t o  a poin t  a t  subjec t ' s  w a i s t  (determined by s u i t  
configurat ion)  

Lanyards s h a l l  have "universal" swivels a t  both ends. 

Lanyards s h a l l  connect t o  a l l  i t e m s  handled by astronaut  which a t  any- 
t i m e  a r e  no t  t e the red  i n  some o the r  fashion. 

Lanyards s h a l l  have a window washers thumb operated spr ing  c l i p  a t  one 
end and a sp r ing  loaded p i n  de ten t  connector a t  the o ther  end. Connec- 
t o r  loop and p in  s i z e s  must i n t e r f a c e  with attachment point .  
c l i p  should provide a minimum of 112" t r ave l .  
a minimum of 112" long and 3/8" round, 
a minimum of 3/8" round and provide a minimum of 3/8" travel. 
should occur a t  a point  approximately 112 of t o t a l  t r ave l .  

Spring 
Release l eve r  should be 

Spring loaded de ten t  should be 
Release 

Lanyards s h a l l  always provide a quick release capab i l i t y  f o r  subject  
sa fe ty .  

Lanyards s h a l l  be approximately 2-112' i n  length.  

4.1.2.5 

Data contained i n  Table 4-2 has been generated from a p a r t i a l  l i s t  of NASA 
as t ronaut  anthropometric data .  While i t  i s  da ta  pe r t inen t  t o  the  design of t h e  
man/machine i n t e r f a c e  f o r  M508, it should be treated as preliminary, subjec t  t o  
change when a more comprehensive l i s t  of NASA astronaut  measurements i s  made 
ava i lab le .  Those values  which have a s t e r i s k s  are based on da ta  ex t rac ted  from 
MIL-STD-1472 - Human Engineering Design Criteria f o r  Mi l i ta ry  Systems, Equipment 
and F a c i l i t i e s .  
i nd ica t e s  t h a t  approximations f o r  mean and range values  can be made, i n  general ,  
f o r  the  as t ronaut  populat ion from MIL-STD-1472. The reader  is cautioned aga ins t  
using t h i s  da ta  f o r  design values which are c r i t i ca l  o r  requi re  extreme tolerance,  

A comparison of a c t u a l  as t ronaut  da ta  and MIL-STD-1472 da ta  

TABLE 4-2 MEASUREMENT DATA - NUDE 

MEASUREMENT MLNIMUM MEAN MAXIMUM DESCRIPTION 

1, S t a t u r e  66.1 69-5 72.2 Floor t o  top of head 

2. Eye Height, Standing 60,9 64,6 70.1 Floor t o  eye level 

3. Crotch Height 30,7* 33,1* 34.8* Floor t o  midpoint of 
crotch 
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4.1,2,5 Anthropemetric Data (Continued) 

TABLE 4-2 MEASUREMENT DATA - NUDE (Continued) 

MEASUREMENT 

4, Waist Height 

5,  Shoulder Height 
Standing 

6, Shoulder-Elbow 

7 e Forearm-Hand 
Length 

8. Hip Breadth 
Standing 

9. Shoulder Breadth 

10. Waist Breadth 

11. Functional Reach 

MINIMUM 

40 e 4* 

54.0* 

13.7* 

18*7* 

13 2* 

14,3 

11,5* 

29.9 

MEAN 
42.4" 

57.6* 

14 a 7* 

19 6* 

14 2* 

18.7 

12.6* 

30.5 

MAXIMUM 

44 s 4* 

59.5* 

15.7* 

22,3* 

15 a l* 

20.8 

15.3* 

33,9 

DESCRIPTION 

Floor t o  g r e a t e s t  l a te ra l  
indenta t ion  of w a i s t  on 
r i g h t  s i d e  

Floor t o  highest  po in t  on 
la teral  edge of r i g h t  
shoulder bone 

Bottom of r i g h t  elbow t o  
h ighes t  point  on l a t e r a l  
edge of shoulder bone. 

Tip of r i g h t  elbow t o  
t i p  of middle f inger .  

Widest po r t ion  of h ips  

Maximum muscle bulge of 
sub jec t  

Waist breadth a t  l e v e l  of 
g r e a t e s t  la teral  indenta- 
t i ons  

Tip of r i g h t  thumb t o  w a l l ,  
a r m  extended ho r i zon ta l ly  
and shoulders on f l u s h  
sur face  

4.1.2.6 Force Data 

A summary of t he  r e s u l t s  from a previous experiment are provided i n  Table 
4-3  t o  provide force  da ta  which can be expected and fac tored  i n t o  t h e  design of 
equipment f o r  M508. 

o Pushlpul l  impulsive fo rce  emission capab i l i t y  is approximately 2-112 
t i m e s  as grea t  as sus ta ined  pushlpul l  force.  

Impulsive force  emission capab i l i t y  i n  t h e  Upldown and r i g h t l l e f t  direc-  
t i ons  i s  approximately t w i c e  as gre'at as sustained fo rce  emission capa- 
b i l i t y  i n  the  corresponding d i r ec t ions ,  

o 
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4,1.2,6 Force Data (Continued) 

o Push/pul l  impulsive fo rce  emission capab i l i t y  is  approximately t w i c e  as 
g rea t  as the  upldown, r i g h t / l e f t  impulsive force  emission capabi l i ty .  

BQ Handle o r i en ta t ion  (hor izonta l  vs ,  v e r t i c a l )  has l i t t l e  apparent e f f e c t  
on force  emission capab i l i t y  i n  the  push/pul l  and l e f t  d i rec t ions .  
t i c a l  o r i en ta t ion  increases  the  capab i l i t y  t o  exe r t  up/down forces  and 
hor izonta l  o r i en ta t ion  increases  r i g h t  d i r ec t ion  fo rce  capabi l i ty ,  

Of the  th ree  force  rece iver  angles  chosen ( O o ,  -15', and +45O with Oo 
pos i t i on  a t  subjec ts  n ipple  height  and 9.25" t o  r i g h t  of sub jec t ' s  
s a g i t t a l  cen ter l ine)  no s i g n i f i c a n t  d i f fe rences  i n  fo rce  emission capa- 
b i l i t y  w a s  apparent, This is  a l s o  t r u e  of force  rece iver  from sub jec t  
dis tances .  

V e r -  

o 

e Impulse and sustained forces  d i f f e r  across  some r e s t r a i n t s  being used. 
For s i n g l e  r e s t r a i n t s ,  t he  wais t  r e s t r a i n t  is  bes t  f o r  Push/pull force  
emissions. Dutch shoes are b e s t  f o r  Upldown force  emissions. 
i s  b e s t  f o r  l e f t  d i r ec t ions ,  A l l  s i n g l e  r e s t r a i n t s  are equal ly  poor f o r  
a s s i s t i n g  i n  r i g h t  d i r ec t ion  forces .  For mul t ip le  r e s t r a i n t s ,  t he  hand- 
hold, w a i s t ,  and shoes combination were bes t  f o r  push/pul l  sus ta ined  
force,  
r i g h t  sustained force  emissions. I n  general ,  r i g h t  d i r ec t ion  sustained 
forces  should be avoided. 

A handhold 

Handhold and shoes combination were bes t  f o r  up/down and l e f t /  

Waist r e s t r a i n t  w a s  only s i n g l e  point  r e s t r a i n t  i n  which a s i g n i f i c a n t  
sus ta ined  (above 10 pounds) mean Push/Pull force  could be exerted. 

e Handhold r e s t r a i n t  provided the  capab i l i t y  f o r  sus ta in ing  s i g n i f i c a n t  
(above 10  pounds) mean forces  i n  only t h e  l e f t l r i g h t  d i rec t ions .  

e Shoe r e s t r a i n t  provided the  capab i l i t y  f o r  sus ta in ing  s i g n i f i c a n t  
(above 10  pounds) mean forces  i n  only the  up/down d i rec t ions .  

Maximum impulse forces  and minimum sustained forces  across  the  r e s t r a i n t s ,  
rece iver  angles ,  rece iver  d i s tance ,  rece iver  o r i en ta t ion  and across  a l l  condi- 
t i ons  (overa l l )  are presented below i n  t h e  following tab les .  A l l  values  are i n  
pounds a 

4,1,2.7 Main ta inabi l i ty  

The da ta  contained i n  t h i s  s ec t ion  has been ex t rac ted  from a number of per- 
t i n e n t  maintenance documents. 
general  main ta inabi l i ty  d a t a  f o r  M508 design and procurement guidance. When 
these  requirements c o n f l i c t  with cont rac tua l  requirements o r  o ther  AAP configur- 
a t i o n  requirements, t he  l a t te r  requirements s h a l l  apply. This is  a l s o  t r u e  when 
experiment design includes experiment va r i ab le s  which a r e  s p e c i f i c a l l y  chosen 
as such and not  on the  bas i s  of optimum des'ign. 

These guidel ines  a r e  provided as a source of 
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4 1,2.7 e 1 General 

a. Standardization 

Standard parts shall be incorporated into equipment to the 
maximum extent feasible, NOTE: It is recognized that a portion 
of M508 equipment is specialized and no basis for standardization 
will exist, "To the maximum extent feasible" should be inter- 
preted in light of this, particularly in respect to "GFE" items. 
When parts are procured and a freedom of selection exists, stand- 
ardization should be applied. 

Standardization shall include provision to facilitate identi- 
fication and preclude improper mounting and installation as: 

1. Physical keying to prevent interchangeability where com- 
ponents are functionally different. 

2. Physical keying to prevent improper mounting and facili- 
tate proper mounting. 

b. Interchangeability 

Interchangeability of like items and replaceability of simi- 
lar items shall be provided. 

c. Modular Replacement 

Equipment shall be designed and constructed for: 

1, Replacement of small electronic assemblies by replacing 
modular packages, 

2. Removal/replacement at least to the level of the diagnos- 
tic capability of the test equipment (or operator). 

,4,1,2.7.2 Mounting of Components Within Units 

a. Use of Two Dimensional Surfaces 

Parts shall be mounted in an orderly array on a 2-dimensional 
surface rather than stacked one on another, 
be stacked, the ones requiring less frequent access (high MTBF) 
should be placed in the rear, 

Where components must 

b, Chassis Attachment 

Only interconnecting wiring and structural members shall be 
permanently attached to the basic unit. 
replaceable subassemblies which are independently mounted. 

Electrical parts are 
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4,1.2.7.2 Mounting of Components Within Units (Continued) 

c, Delicate Components 

Delicate components shall be located (or guarded) so that they 
will not be susceptible to damage while the unit is being handled 
or maintained, 

de Equipment Handling 

Assemblies, subassemblies, and components must have provisions 
for handling in the zero gravity environment. Whenever possible 
lanyard attachment points should be provided on items which 
require removal for on-board operations and maintenance. 
tools are used for disconnecting or removing parts, consideration 
should be given to utilizing the tool as a handling device for the 
part. 

When 

4.1.2.7,3 Adjustment Controls 

a. Calibration 

Knobs shall be selected in preference to screwdriver adjust- 
ments whenever frequent adjustment must be performed. 

b. Reference Scale-Control Limits 

A reference scale or other appropriate feedback shall be pro- 
vided for adjustment controls. 
for controls which are intended to have a limited degree of 
motion. 

Mechanical stops shall be provided 

c. Sensitive Adjustments 

Sensitive adjustment points shall be located or guarded such 
that adjustments will not be disturbed inadvertently. 

4.1.2.7.4 Maintenance Displays 

a, Alarms 

An audible alarm shall be provided to indicate an equipment 
malfunction if the equipment is not constantly monitored. 

b. GO-NO-GO 

If quantitive information is not absolutely required, go-no-go 
displays shall be used. 
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4,1,2,7,4 Maintenance Displays (Continued) 

c. Failure 

Circuits and meters shall be designed so that meter pointers 
will not stop in an "in tolerance" position if power fails, Also 
a positive visual and/or auditory display is provided to indicate 
power failures. 

4.1,2.7.5 Fasteners 

a, 

b. 

C* 

Captive 

Captive bolts and nuts shall be used for all cases and access 
covers requiring routine opening removal, etc. Same type and 
size should be provided for all cases and covers, whenever feasi- 
ble e 

Hand-Operated 

Hand-operated fasteners or latches shall be used whenever 
possible, When fasteners requiring tools must be used, they shall 
be designed for operation by standard hand tools. 

Quick-Release 

Quick release fasteners shall be used whenever possible for 
access doors and covers. Fasteners for mounting assemblies and 
subassemblies shall require only one complete turn, provided that 
stress and load considerations are not compromised. In all cases 
the number of turns required for any fastener shall be minimized. 

4,1,2,7.6 Pressure Suit Access Requirements 

Access requirements are provided here for both pressure suit and shirtsleeve 
operation, In general, these access requirements pertain to maintenance acti- 
vities rather than that associated with the experiment tasks which reflect values 
not necessarily of optimum size but rather of empirical interest. 

a. Pressure Suit - Pressurized to 3 .5  psi 

These values were extracted from a study dealing with access 
envelopes for the A/P 228-2 Full Pressure Suit and may not be 
applicable to other suits. In addition, they are optimal values 
as measured from the front of subject's chest to curled fingers 
of hand 
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4.1,2.7.6 Pressure S u i t  Access Requirements (Continued) 

b. Two-Handed Tasks - Forward Reach 

Depth of Reach: 12t' 
Breadth of Aperture: 24" 
Vertical Dimension: 20" 

c, One-Handed Tasks - Forward Reach (Preferred Arm) 

Depth of Reach: 14" 
Breadth of Aperture: 13" 
Vertical Dimensions: 18" 

d. One-Handed Tasks - Lateral Reach (Preferred Arm) 

Depth of Reach: 20" 
Breadth of Aperture: 13" 
Vertical Dimension: 16" 

4,1.2.7.7 Sh i r t s l eeve  Access Requirements 

a. Two-Hand Access 

Depth: 
Width: 

Height : 

bo One-Hand Access (Preferred) 

Arm t o  Elbow: 
A r m  t o  Shoulder: 

6 t o  19 inches 
8 inches (or  depth of reach whichever 

5 inches 
is  l a rge r )  

4 inches by 4.5 inches 
5 inches by 5 inches 

4.1,2,8 Safety Criteria 

4,1,2.8.1 General 

Rea l - t ime  readouts of cr i t ical  phys io logica l  funct ions s h a l l  be  required 
during t a s k  performance. 
monitor these  readouts, 

A second crew member ac t ing  as t h e  experimenter, s h a l l  

The experimenter s h a l l  be i n  continuous v i s u a l  contact  wi th  t h e  subjec t  and 
loca ted  as near  t o  the  sub jec t  as possible ,  

Subject r e s t r a i n t s ,  p ressure  cuffs ,  e lec t rode  connections, etc. s h a l l  be of 
t he  quick-release var ie ty .  
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4,1.2,8,2 Fai l -safe  Design 

Where equipment f a i l u r e  o r  malfunction may i n j u r e  t h e  subject /operator  o r  
damage equipment, fail-safe f ea tu res  s h a l l  be incorporated i n t o  the  equipment 
design, Fai l -safe ,  as used here, r e f e r s  to:  (1) f a i l u r e  i n  a s a f e  mode, and 
(2) redundancy i n  design i n  t h e  two formsof (a) standby redundancy and (b) con- 
tinuous redundancy. 

Standby involves  t h e  use of p a r a l l e l  and similar un i t s ,  c i r c u i t s ,  o r  com- 
ponents t h a t  can be automatical ly  o r  manually put  i n t o  operat ion i f  t h e  primary 
i t e m  f a i l s .  

Continuous involves p a r a l l e l  and similar u n i t s ,  c i r c u i t s  o r  components t h a t  
are i n  continuous operat ion so  t h a t  f a i l u r e  of  t h e  primary i t e m  w i l l  r e s u l t  i n  
continuous opera t ion  of t h e  system a t  not  less than an acceptable  level of per- 
f ormance * 

4,1.2.8.3 Equipment-Related Hazards 

a. 

b. 

C. 

Access 

Units s h a l l  be so  loca ted  and mounted t h a t  access t o  them can 
be achieved without danger t o  personnel from electrical charge, 
moving p a r t s ,  o r  o the r  sources. 

Hazardous Access 

Where access must be loca ted  over dangerous mechanical o r  
electrical components, t he  access door o r  cover s h a l l  be provided 
with a highly v i s i b l e  warning l a b e l  on the  outs ide  of t he  door o r  
cover. Placards  s h a l l  s p e c i f i c a l l y  i d e n t i f y  the  hazard. 

Corners and Edges 

Exposed corners  s h a l l  be rounded t o  a minimum radius  of .5 
inch. 
inch 

Exposed edges s h a l l  be rounded t o  a minimum radius  of .04 

4,1,2.8,4 Aler t ing  Devices 

Audio s i g n a l s  s h a l l  be provided as necessary t o  warn personnel of impending 
danger, t o  alert :  an opera tor  t o  a c r i t i c a l  change i n  system o r  equipment s t a t u s ,  
and t o  remind the  operator  of a c r i t i ca l  ac t ion  t h a t  must be taken. 

Audio s igna l s  s h a l l  cons is t  of two elements, i.e., an a l e r t i n g  s i g n a l  and 
an i d e n t i f i c a t i o n  s igna l ,  i.e., a s i g n a l  which i d e n t i f i e s  source o r  type of dan- 
ger,  
250 and 2500 he r t z ,  
least 20 dB above t h e  maximum an t i c ipa t ed  noise  level, no t  t o  exceed 100 db, 

The major concentrat ion of energy i n  audio warning devices  s h a l l  be between 
The sound pressure level of t he \ aud io  warning s h a l l  be a t  
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4.1,2.8.4 Ale r t ing  Devices (Continued) 

When used i n  conjunction with v i s u a l  d i sp lays ,  audi tory warning devices 
s h a l l  be supplementary o r  supportive i n  na ture ,  The audi tory s i g n a l  s h a l l  be 
used t o  a ler t  and d i r e c t  operator  a t t e n t i o n  t o  the  appropriate  v i s u a l  d i sp lay ,  

4.1.2.8.5 E l e c t r i c a l  Hazards 

Equipment s h a l l  be designed t o  preclude acc iden ta l  contact  with vol tages  i n  
excess of 24 v o l t s .  On accesses t h a t  lead t o  equipment with high vol tage (>7Gv) 
s a f e t y  in te r locks  s h a l l  be provided t h a t  de-energize t h e  c i r c u i t  whea the  access 
cover i s  opened. 

A l l  ex te rna l  metal p a r t s  s h a l l  be a t  ground p o t e n t i a l ,  

Wiring s h a l l  be routed through pins  and connectors so t h a t  removal of a 
plug o r  connector w i l l  not  expose "hot" leads,  
t h a t  a l l  hot  contacts  w i l l  be socket contacts .  

Equipment s h a l l  be designed s o  

Personnel protect ion s h a l l  be proT7ided from e l e c t r i c a l  equipments (physi- 
o logica l  monitoring equipment) 

4.1.3 CONCEPTUAL DESIGN 

The design of the hardware, while s t a r t i n g  with no physical  cons t ra in ts ,  
was approached with t h e  i n t e n t  of being r e a d i l y  adapted t o  t h e  AAP O r b i t a l  
Workshop (OWS) a s  the  equipment f o r  Experiment M508. With t h i s  i n  mind, se r ious  
e f f o r t s  were made t o  determine the  requirements imposed on t h e  experiment by t h e  
veh ic l e  and f a c t o r  these i n t o  t h e  design within the  p r a c t i c a l i t i e s  of schedule 
and cos t .  Several  sources of information were used t o  determine the OWS/ 
Experiment i n t e r f a c e  requirements. Among those were documents such a s  t h e  M508 
Experiment Implementation Plan (EIP), Experiment In t eg ra t ion  Requirements Docu- 
ment (EIRD), and the  AAP Experiment General Requirements Document, It was 
determined from these documents t h a t  t h e  stowed volumes a l loca ted  f o r  the  Task 
Panel and Res t ra in ts  Container w e r e  30 x 24 x 24 inches and 12 x 12  x 12  inches,  
respec t ive ly ,  and i t  was considered e s s e n t i a l  t o  s t a y  within,  o r  i f  possible ,  
reduce these dimensions. The design of t h e  r e s t r a i n t s  and t a s k  panel was two 
separate  but  re la ted  and integrated problems and the  e f f o r t s  t o  achieve a 
cohesive experiment hardware concept with these two items i s  discussed ind iv i -  
dua l ly  be low 

4.1.3.1 Res t ra in ts  

Although the  r e s t r a i n t s  were t o  be GFE, they had t o  be integrated ir,to the  
experiment operations t o  insure  successful  completion of the  experiment, 
i nves t iga t ion  of the  experiment requirements and s t a t e d  GFE c a p a b i l i t i e s  s e v e r a l  
cri teria were establ ished a s  follows: 

Upon 
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4.1.3.1 Res t r a in t s  (Continued) 

1. The subjec t  i s  t o  br ing  the  r e s t r a i n t s  t o  the  worksite. 
2 .  

3. The i n s t a l l a t i o n  must provide pos i t i ve  locking i n  p lace ;  inadvertant  

4 .  The sub jec t  must don o r  a t t a c h  the  r e s t r a i n t s  unass i s ted .  

The r e s t r a i n t s  must be capable of being i n s t a l l e d  with one hand, 
wi th in  the  sub jec t s  f i e l d  of view. 

o r  acc iden ta l  removal of t he  r e s t r a i n t  must be avoided. 

The r e s t r a i n t s  defined i n  the  EIP were: 

1. Handhold 
2 .  Variable  F l e x i b i l i t y  Waist Tether 
3. Gemini Dutch Shoes 

The EIP a l s o  ind ica ted  t h e  use of an adhesive device f o r  t h e  Handhold 
Res t ra in t  i n  the  f l i g h t  experiment, but  i n  t h i s  program, mechanical attachment 
was  u t i l i z e d .  

The Waist Tether  w a s  t o  cons i s t  of two e l e c t r i c a l l y  actuated Variable  Flex- 
i b i l i t y  u n i t s  mounted t o  a s ing le  b e l t .  The device suppl ied f o r  t h i s  program 
was  a prototype model wi th  mechanical ac tua t ion  and V i s e  Grips mounted t o  the 
d i s t a l  end f o r  attachment a t  the  worksite. 

The Gemini Dutch Shoes were t o  be supplied as an unal tered p a i r ,  bu t  i n  
view of t h e  requirement f o r  the  sub jec t  t o  br ing  h i s  r e s t r a i n t s  t o  the  worksi te  
and i n s t a l l  them with one hand, i t  w a s  decided t o  mount t he  shoes on a platform 
containing a handle and locking device. Figure 4-1 i s  a p i c tu re  of t h e  Shoe 
Res t ra in t  and i l l u s t r a t e s  t he  handle placement e 

U t i l i z i n g  these r e s t r a i n t  concepts, i t  was determined t h a t  the  Res t ra in t  
Container would have t o  be l a rge r  than o r i g i n a l l y  described i n  the  EIP. A con- 
tainer 18 x 18 x 12 inches was determined t o  be the  smallest s i z e  capable of 
holding the  r e s t r a i n t s .  I n  addi t ion ,  it was noted t h a t  the  Res t ra in t  Container 
could serve another purpose as t h e  mounting point  f o r  t he  Shoe Res t ra in t  i n  the 
f l i g h t  experiment. 
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FIGURE 4-1 SHOE RESTRAINT 

4 . 1 . 3 . 2  Task Panel 

Figure 4 - 2  i l l u s t r a t e s  the i n i t i a l  Task Panel concept i n  the deployed s t a t e .  
The major, working elements were located i n  one-half of the box mounted t o  the  
w a l l  as shown. The other  ha l f  of the box w a s  s p l i t  i n  two sec t ions  and mounted 
to  the  w a l l  t o  form receptacles f o r  the module handling task.  The remainder of 
the receptacle  boxes would be used t o  s t o r e  too l s ,  cargo harness,  t e t h e r s ,  and 
other  small items. One of the  most ser ious problems encountered i n  t h i s  design 
was the  placement of the various components i n  the most appropriate  locat ion w i t h  
respect  t o  the  t e s t  sub jec t ' s  one- and two-hand reach and v i s u a l  access ,  For 
example, the center  of the force receiver  handle w a s  t o  be posit ioned d i r e c t l y  
i n  f ron t  of the sub jec t ' s  r i g h t  n ipple ,  and the  displays containing the  command 
and cue ind ica tors  were t o  be located a t  eye l eve l  with unobstructed v i s u a l  acces 

A t  t h i s  po in t ,  the decis ion was reached t h a t  the  modular concept f o r  the  
individual  tasks  w a s  the most des i r ab le  s ince  it afforded the  highest  l eve l  of 
f l e x i b i l i t y  f o r  the  overa l l  experimental design. 

The locat ions selected f o r  the various elements of the  Task Panel and i t s  
ove ra l l  layout were based on a s e r i e s  of 1-g s t a t i c  t e s t s  using in-house 
personnel with severa l  mock-up configurat ions,  
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FIGURE 4-3 MODULE =OVAL CONCEPT 
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4 1.4 FEASIBILITY TESTING 

A s e r i e s  of simulated zero-g t e s t s  were conceived and conducted t o  insure 
t h a t  a l l  the  tasks  described i n  t h e  Candidate Task Sequence and then developed 
i n t o  a hardware concept could be performed by a t e s t  subjec t  i n  a pressurized 
s u i t  within the  prescribed l imi ta t ion  of t i m e  and work envelope. It was o r i g i -  
n a l l y  planned t o  perform the  f e a s i b i l i t y  t e s t s  once, bu t  s u f f i c i e n t  problems 
w e r e  encountered t o  warrant performing a second test a f t e r  the  da ta  had been 
analyzed and the  necessary changes incorporated.  Portions of the  tests were 
performed on two d i f f e r e n t  occasions and were i d e n t i f i e d  a s  F e a s i b i l i t y  Tests 
Phase I and Phase 11. 

The tasks  se lec ted  f o r  f e a s i b i l i t y  t e s t i n g  were performed i n  gross fashion 
only, t o  determine simply the  GO o r  NO/GO s t a t u s  of the  task  and some nominal 
design requirements. The equipment consisted of mass and shape mock-ups neces- 
sa ry  t o  properly simulate the  madmachine in te r face  and data  recording was i n  the 
form of motion p ic tures ,  task-times, and subject ive comments. 

A l l  t e s t s  were performed using n e u t r a l  buoyancy simulation of zero-gravity,  
with the t e s t  subjec ts  (95th percent i le )  wearing an Apollo A5L spacesui t  pre- 
ssur ized t o  3.5 5 - 2  p s i  over ambient. 
and the topside t e s t  d i r e c t o r  was provided. 

Two-way communication between the subject  

4.1.4.1 F e a s i b i l i t y  T e s t  Procedures 

The Candidate Task Sequence was reviewed t o  determine those items about 
which reasonable doubt exis ted concerning the p o t e n t i a l  performance of the  i t e m  
by an experimental subjec t .  These items a r e  i d e n t i f i e d  and described below. 

a .  Res t r a in t  I n s t a l l a t i o n  

Only i n  the  most f o r t u i t o u s  circumstances can an extravehicular  
as t ronaut  expect t o  perform h i s  work a t  a s i t e  t h a t  has pre- ins ta l led  
r e s t r a i n t s .  I n  many s i t u a t i o n s  the f i r s t  t a s k  of the astronaut  w i l l  be 
t o  i n s t a l l  and don h i s  personal r e s t r a i n t s  and whatever equipment 
r e s t r a i n t s  w i l l  be required during t h e  t a s k ,  The f i r s t  severa l  minutes 
of the  M508 Task Sequence, therefore ,  are devoted t o  t h i s  preparat ion 
of the worksite.  F e a s i b i l i t y  of t h i s  t a s k  is  questionable because of 
the  excessive reaches involved, because the  t a s k  i t s e l f  i s  performed i n  
an unrestrained o r ,  a t  b e s t ,  hand-only r e s t r a i n t  condition, and because 
of the excessive amount of equipment which t h e  astronaut  must have 
strapped t o  h i s  person, 

The t e s t  subjec t  w i l l  be posit ioned perpendicular t o  t h e  worksite 
a t  the  end of a mobili ty a id .  

Using h i s  left .  hand on the mobili ty a i d  t o  s t a b i l i z e  himself,  he 
then i n s t a i l s  a l l  r e s t r a i n t s  i n  the  following order: 

1. Handhold r e s t r a i n t  
2, Dutch shoe platform 



4.1.4.1 F e a s i b i l i t y  Test Procedures (Continued) 

a.  Res t ra in t  I n s t a l l a t i o n  (Continued) 

3. Waist r e s t r a i n t  
4 .  I n s t a l l  equipment r e s t r a i n t  t o  r i g h t  of t a sk  board, and pos i t ion  

5, I n s t a l l  equipment r e s t r a i n t  t o  l e f t  of t a sk  board, 
cargo c a r r i e r  ( i f  used) on t h i s  t e t h e r .  

This order may be varied during f e a s i b i l i t y  t e s t i n g  i f  found t o  be 
i n f e r i o r  o r  unsa t i s fac tory .  

For each r e s t r a i n t ,  t he  i n s t a l l a t i o n  process w i l l  be the same: 

1. Release lanyard from attachment point 
2 .  Attach lanyard t o  r e s t r a i n t  
3. Release r e s t r a i n t  from attachment point 
4 .  I n s t a l l  r e s t r a i n t  
5. Release lanyard from r e s t r a i n t  
6. Attach lanyard t o  waist-attachment point 

The r e s t r a i n t  i n s t a l l a t i c n  procedure w i l l  be performed under the 
following conditions:  

1. A cargo c a r r i e r  (12" W x 18" L x 18" H) strapped t o  t he  f ron t  of 
the subject.  

2 .  A cargo c a r r i e r  (12" W x 18" L x 18" H) strapped t o  the r igh t  
leg of t he  sub jec t ,  

3. N o  cargo c a r r i e r  is used and a l l  r e s t r a i n t s  a r e  strapped 
d i r e c t l y  to  the subject .  

When the cargo c a r r i e r  i s  used, i t  s h a l l  contain: 

a, A handhold r e s t r a i n t  
A platform with the  Gemini Dutch Shoes attached 
A v a r i a b l e - f l e x i b i l i t y  t e t h e r  ( i f  ava i lab le)  t o  serve as an 
equipment r e s t r a i n t  

e A second v a r i a b l e - f l e x i b i l i t y  t e t h e r  ( i f  a v a i l a b l e ) ,  one end of 
which i s  attached t o  the  cargo c a r r i e r .  

A l l  of these items s h a l l  be attached t o  the  in s ide  of t he  cargo 
c a r r i e r  t o  prevent f loa t ing .  

In  addi t ion  t o  the above equipment, the subjec t  w i l l  have attached 
t o  him, i n  a l l  t h ree  runs, the following: 

A wais t -be l t  with the v a r i a b l e - f l e x i b i l i t y  w a i s t  r e s t r a i n t s  
attached 

An umbilical  and a s a f e t y  t e t h e r  attached a t  t he  r i g h t  s i d e  of 
the subjec t  

e A rope-lanyard, attached a t  t he  waist 

Data w i l l  cons i s t  of t o t a l  time t o  i n s t a l l  a l l  r e s t r a i n t s ,  movies 
and subjec t ive  comments. 
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4,1,4,1 F e a s i b i l i t y  T e s t  Procedures (Continued) 

b Force Receiver Pos i t ion ing  

Three pos i t ions  were spec i f ied  t o  obta in  force  and torque da ta  as a 
measure of as t ronaut  performance capab i l i t y .  I n  the  f i r s t  pos i t ion ,  
t h e  force  receiver module i s  located d i r e c t l y  i n  f r o n t  of t he  sub jec t ' s  
r i g h t  n ipple .  I n  t h e  second pos i t ion ,  the  module i s  located 16" t o  the  
r i g h t  and 16" above pos i t i on  1. I n  the  t h i r d  pos i t ion  the  module is 
located 12" t o  the  l e f t  and 20" below pos i t i on  1. The i n s t a l l a t i o n  of 
t h e  12'' x 12" x 12" (an t ic ipa ted)  50 l b .  force  module i n  these  pos i t ions  
i s  expected t o  be d i f f i c u l t  due t o  the mass of the  module, the  space- 
su i t ed  sub jec t ' s  s i z e  and the  mobil i ty  and geometry r e s t r i c t i o n s  pro- 
vided by the  r e s t r a i n t  systems. 

The f e a s i b i l i t y  t e s t  w i l l  r equi re  the  subjec t  t o  remove the  simula- 
ted  module from the  optimal pos i t i on ,  and i n s t a l l  i t  i n  the non-optimal 
pos i t ions .  The t a s k  w i l l  be performed under f i v e  conditions: 

1. Waist r e s t r a i n t  only - Subject may not  repos i t ion  himself 
2.  Waist r e s t r a i n t  only - Subject  may repos i t ion  himself 
3 .  Shoe r e s t r a i n t  only 
4 ,  Waist and shoe r e s t r a i n t s  - Subject may not repos i t ion  himself 
5. Waist and shoe r e s t r a i n t s  - Subject may repos i t ion  himself 

Data w i l l  cons i s t  only of movies and subjec t ive  comments. 

c. Repea tab i l i ty  of Pos i t ion ing  

The M508 Task Sequence requi res  t h a t  several fundamental tasks  be 
performed under varying condi t ions of s u i t s ,  sub jec t s ,  etc.  To be ab le  
t o  compare da t a  across  condi t ions i t  is e s s e n t i a l  t h a t  each subjec t  
always perform each t a s k  i n  the  same relat ive s p a t i a l  posi t ion.  When 
us ing  the  w a i s t  r e s t r a i n t s  only,  i t  i s  q u i t e  poss ib le  t h a t  t he  sub jec t  
may not  be a b l e  t o  r i g i d i z e  himself i n  the  same pos i t i on  each t i m e  he 
performs a task .  A f e a s i b i l i t y  t e s t  i t e m  w i l l  t he re fo re  be performed 
t o  obtain scme gross  measure of t h i s  problem. 

The subjec t  w i l l  be a t  the  worksi te  with the wais t  r e s t r a i n t s  in -  
s t a l l e d  but  no t  r ig id ized  Three te lescoping members w i l l  be ex t rac ted  
from the  f ace  of t h e  t a s k  board and locked i n t o  place. These members 
w i l l  correspond t o  spots  painted on t h e  sub jec t ' s  chest .  H i s  ob jec t ive  
w i l l  be t o  r i g i d i z e  the  waist t e t h e r s  such t h a t  the  spots  and members 
are al igned,  This  w i l l  be repeated about t h ree  t i m e s .  
s i s t  of a measure of t he  s u b j e c t s s  e r r o r ,  movies and subjec t ive  comments, 

Data w i l l  con- 

d Access Capabi l i ty  

A major por t ion  of t he  Candidate Task Sequence involves f i n e  mani- 
pu la t ive  operat ions,  one-and two-handed, through an access  po r t  a t  two 
d i f f e r e n t  depth? of reach. Current ly ,  t he  access po r t  i s  s i z e d  a t  18" L 
x 12" H e  The d is tances  from the  access por t  t o  the  work panel are 12" 
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4.1,4,1 F e a s i b i l i t y  T e s t  Procedures (Continued) 

d e  Access Capabi l i ty  (Continued) 

and 20". This f e a s i b i l i t y  test  i t e m  w i l l  i nves t iga t e  these dimensions. 

The subjec t  w i l l  be res t ra ined  i n  t h e  w a i s t  and shoe r e s t r a i n t s ,  
The work panel w i l l  conta in  a two-dimensional mock-up of the  manipula- 
t ive  t a s k  panel, The sub jec t  w i l l  reach through the  access p o r t  with 
o2e hand and the  technician w i l l  vary the  access  s i z e  u n t i l  t he  sub jec t  
i nd ica t e s  t h a t  a near-minimal s i z e  i s  achieved. This w i l l  occur when 
the  sub jec t ' s  v i s u a l  feedback i s ,  i n  h i s  opinion, bare ly  s u f f i c i e n t  t o  
complete the task .  This w i l l  be repeated with both hands through the  
access po r t .  

The na ture  of t h i s  t e s t  i t e m  i s  such t h a t  it does not  requi re  
n e u t r a l  buoyancy s imulat ion t o  simply determine a nominal access s i z e ,  
A t  the  same t i m e ,  the  c a p a b i l i t y  of two-way voice communication with 
the  sub jec t  i n  a pressurized s u i t  i s  highly des i rab le .  For these  
reasons, t h i s  t e s t  i t e m  w i l l  be performed i n  an a i r -pressur ized  s u i t  i n  
1-g. 

e.  Reach Envelope 

Basic reach envelope data w i l l  be needed throughout the design 
of the  experiment, F e a s i b i l i t y  t e s t i n g  w i l l  be used t o  obta in  a gross 
evaluat ion of reach d a t a .  

The subjec t  w i l l  i nd ica t e ,  using h i s  r i g h t  a r m ,  t h e  maximum poin t  
on the  sur face  of the  worksi te  bulkhead which he can reach i n  each of 
e igh t  primary d i rec t ions :  2 X,  2 Y ,  and along the  450 l i n e s ,  X=Y and 
X= -Ye These axes should be indicated on the  bulkhead, and i n t e r s e c t  
a t  the  midpoint of t he  sub jec t ' s  wais t ,  The diving technician w i l l  
measure and record the  da ta  using a tape  measure and n o t i f y  t h e  two 
poin ts  (X, Y) necessary t o  def ine  the  loca t ion  of t he  sub jec t ' s  r i g h t  
hand i n  t h e  outs t re tched  pos i t ion .  This da ta  w i l l  be recorded f o r  t he  
f i v e  condi t ions noted i n  2.2. 

4.1,4,2 F e a s i b i l i t y  T e s t  Equipment Requirements 

a. Res t ra in t  I n s t a l l a t i o n  

1. Mobility Aid  - Located perpendicular t o  the  bulkhead. 

2 ,  Cargo Car r i e r  - One cargo carrier i s  required,  It s h a l l  be a r tach-  
a b l e  t o  t h e  f r o n t  of the  sub jec t ,  about waist-high, and t o  
t h e  r i g h t  th igh  of t h e  subjec t .  
top box, with the  shape represented by a framework covered 
with a mesh material. 

The c a r r i e r  may be open- 

Dimensions of cargo carrier: 1, 12" W x 18" L x 18" H 
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4 , L  4.2 F e a s i b i l i t y  T e s t  Equipment Requirements (Continued) 

a. Res t r a in t  I n s t a l l a t i o n  (Continued) 

3 .  D-Handle f o r  Hand Res t ra in t  - I n s t a l l a b l e  t o  bulkhead with posi t ive-  
locking mechanism. Attachable t o  cargo c a r r i e r .  Accept 
lanyard attachment ., 

4. Gemini Dutch Shoes Mounted on 18" x 14" Platform - I n s t a l l a b l e  t o  
bulkhead with posit ive-iocking mechanism. Attachable t o  
cargo c a r r i e r .  Accept lanyard attachment. 

5. Cube - 5.25" on the  s ide .  Simulates a mass of 40 lbs .  Attachable 
t o  cargo c a r r i e r .  

6 e Two Equipment Res t ra in ts  - Variable-f l e x i b i l i t y  t e t h e r s  preferred 
Both r e s t r a i n t s  a t t achab le  t o  cargo c a r r i e r  and i n s t a l l a b l e  
t o  bulkhead. 

The equipment i n  3,  4 and 6 above must a l s o  be a t t achab le  d i r e c t l y  
t o  the  subjec t ,  

7. Variable-Flexibi l i ty  Waist Tether 

8. A rope lanyard,  4' long and a t tachable  near  subjec t ' s  wais t .  

9 .  An umbil ical  hose from the surface t o  provide breathing a i r .  

10. A rope from the  surface t o  represent the  as t ronaut ' s  s a f e t y  te ther .  

11. I n  add i t ion  a bulkhead w i l l  be required t o  provide attachment points  
f o r  a l l  r e s t r a i n t s  and t e t h e r s .  

b. Force Receiver Posi t ioning 

1. A 6.85" cube surrounded by a 12" x 12" x 12" framtawork w i l l  repre- 
s e n t  t h e  expected module. 

2.  The bulkhead must provide t h r e e  receptacles  f o r  the  module a t  
posi t ions noted i n  4.1.4.l.b 

c .  Repeatabi l i ty  of Posi t ioning 

1. Three te lescoping members must be extendable from the bulkhead, and 
lock i n t o  pos i t ion .  

d .  Access Capabi l i ty  

1, Access port  ad jus t ab le  i n  s i z e .  

2 ,  A f u l l - s c a l e  mock-up of the  manipulative t a s k  panel. 
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4,1,4,2 F e a s i b i l i t y  T e s t  Equipment Requirements (Continued) 

e. Reach Envelope 

1. Bulkhead must have axes,  described i n  4.1.4.1,e9 indicated f o r  
measurement references.  

f .  General 

The following equipment w i l l  a l s o  be needed t o  conduct the f e a s i b i l i t y  
t e s t s .  

SCUBA gear f o r  4 d ivers  
Water Pressurizat ion Backpack 
Underwater camera and f i l m  S l a t e  and grease penc i l  
Stop-watch 
Tape -measure 

A i r  f o r  subject  
Power f o r  Backpack 

4,1.4.3 Phase I - F e a s i b i l i t y  T e s t  Results and Recommendations 

a.  Res t r a in t  I n s t a l l a t i o n  

To the  extent  possible ,  t a s k  times were recorded during the f e a s i b i -  
l i t y  t e s t s  and a r e  l i s t e d  i n  Table 4 - 4 ,  
times a r e  crude and could hardly be subjected t o  s t a t i s t i c a l  ana lys i s ,  
However, they do provide useful  information concerning trends and 
magnitudes 

It must be rea l ized  t h a t  these 

The predicted t i m e s  a r e  l i s t e d  i n  Table 4-4 together  with the  times 
a c t u a l l y  encountered f o r  each subject .  Inspection of the l i s t  reveals  
t h a t  some items compare favorably (e.g. , "Retrieve and I n s t a l l  Handhold") 
while o ther  items were poorly estimated (e.g., " I n s t a l l  Waist 
Restraint") .  
and, more importantly,  a r e  s i g n i f i c a n t l y  l e s s  than t h e  predicted t i m e ,  
From t h i s  it may be infer red  t h a t  the  current  time estimates f o r  these 
items i n  the  preliminary task  sequence a r e  a t  l e a s t  reasonable, ind i -  
ca t ing  some degree of v a l i d i t y  i n  t h e  M.508 experiment time predic t ions ,  
An important t i m e  considerat ion,  however, is r e s t  per iods,  and t h i s  
considerat ion is not  included i n  e i t h e r  the a c t u a l  o r  predicted times 
i n  Table 4-4, It i s  therefore  recommended t h a t  the  preliminary t a s k  
sequence be revised t o  include rest periods,  and t h e  e f f e c t  of t h i s  
i nc lus ion  be s tudied t o  determine t h e  e f f e c t  on t i m e  considerat ions,  

But the  t o t a l  times a r e  reasonably c lose  f o r  each subjec t ,  

This i t e m  of f e a s i b i l i t y  t e s t i n g  a l s o  revealed t h e  following 
s p e c i f i c  information: 

o Cargo Car r i e r  - The cargo c a r r i e r  u t i l i z e d  was highly unsa t i s -  
fac tory  a s  a r e s t r a i n t  container ,  The subjec t ,  using only 
t h e  mobili ty a id  a s  a hand r e s t r a i n t ,  w a s  unable t o  remove 
from the c a r r i e r ,  and i n s t a l l ,  the  o ther  r e s t r a i n t s ,  It 
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4,1,4,3 Phase I - F e a s i b i l i t y  T e s t  Resul t s  and Recommendations (Continued) 

a e Rest ra in t  I n s t a l l a t i o n  (Continued) 

is the re fo re  recommended t h a t  the subjec t  have h i s  
r e s t r a i n t s  connected t o  him by rope lanyards, e i t h e r  loose 
o r  on wind-up reels.  This was tested and found t o  be 
s a t i s f a c t o r y .  Other equipment could be ca r r i ed  i n  a cargo 
c a r r i e r ,  but i t  should be a t tached  t o  the  subjec t  s o  t h a t  
no in te r fe rence  wi th  the process of r e s t r a i n t  i n s t a l l a t i o n  
occurs. (See Figure 4-4) 

o Mobility A i d  - The s u b j e c t ' s  mobil i ty  a i d  serves as a hand re- 
s t r a i n t  f o r  use i n  i n s t a l l i n g  o the r  r e s t r a i n t s ,  It must 
therefore  be located c lose  t o  the  point  where the  f i r s t  
r e s t r a i n t  is  i n s t a l l e d .  

Lanyards - Rope lanyards, a t tached t o  the  sub jec t ,  were used t o  
t r anspor t  var ious r e s t r a i n t s .  These lanyards, with t h e i r  
s l ide- lever  connectors, were very sa t i s f ac to ry .  The 
connector was operated with no d i f f i c u l t y ,  even with t h e  
pressurized,  gloved hand. While no entanglements were 
encountered from equipment t r a i l i n g  loosely on the  lanyards, 
a take-up ree l  i s  recommended. 

On two occasions subjec ts  forgot  t o  r e l ease  the  
lanyard a f t e r  the  r e s t r a i n t  was ins ta l led ,  and t h i s  was 
concluded t o  be a t r a i n i n g  problem, 

Dutch Shoes - The i n s t a l l a t i o n  of t he  Dutch Shoes platform i n t o  
the  bulkhead proved d i f f i c u l t  e 

f ind ing  the  i n s e r t i o n  points  f o r  the p ip  pins .  It i s  sug- 
gested t h a t  t he  p ins  and t h e i r  receptac les  be conical-  
shaped t o  improve t h i s  condi t ion.  The re ta rd ing  mechanism 
and the operat ion of the p i p  pins was very s a t i s f a c t o r y ,  

t o  be p a r t i a l l y  a t r a i n i n g  problem. 
e n t i r e l y  on t a c t i l e  cues f o r  t h i s  process, ( See Figure 

Subjects  had d i f f i c u l t y  

ing  the  Dutch Shoes was cumbersome, but  t h i s  w a s  f e l t  
The subjec t  must r e l y  

4-4) 

Handhold - I n s t a l l a t i o n  of t he  handhold was s i m i l a r  t o  i n s t a l -  
l a t i o n  of the  Dutch Shoes, Again, the  subjec t  had d i f f i -  
c u l t y  a l ign ing  the  p i p  pins  i n  t he  holes .  
shaped t o  provide r e s i s t ance  i n  tors ion-or  conical-shaped 
p ins  would improve t h i s  s i t u a t i o n .  

A s i n g l e  pin- 

Thought should be given t o  the  p o s s i b i l i t y  of provi- 
ding e handholds, as t h i s  s i g n i f i c a n t l y  a i d s  the process 
of donning the  Dutch Shoes, Multiple locat ions f o r  a hand- 
hold should be provided a t  the  work a rea ,  
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4,1,4.3 Phase I - F e a s i b i l i t y  T e s t  Resul ts  and Recommendations (Continued) 

a. Res t ra in t  I n s t a l l a t i o n  (Continued) 

Waist Res t ra in t  - Vice g r ips ,  provided as  the  dis ta l -end con- 
nec tor  on the  wais t  r e s t r a i n t s ,  were d i f f i c u l t  t o  a l i g n  
and a t t ach .  The subjec t  w a s  e n t i r e l y  dependent on t a c t i l e  
cues t o  pos i t ion  the  g r ips .  A longer t e t h e r  length might 
allow f o r  increased v i s u a l  feedback. Once fastened,  the  
vice-gr ips  provided exce l len t  holding power. 

The tension adjustment levers  should be r e s t r i c t e d  t o  
a 135O a r c ,  s t a r t i n g  a t  a forward, hor izonta l  pos i t ion  and 
swinging downward. The r i g i d i t y  of the  t e t h e r s  was only 
f a i r  but it should be noted t h a t  the p a r t i c u l a r  t e t h e r  used 
w a s  a prototype model t h a t  had been previously damaged. 
(Figure 4-5) 

V i s i b i l i t y  proved t o  be a problem throughout the f e a s i b i l i t y  t e s t s .  
Subjects were too of ten  e n t i r e l y  dependent upon t a c t i l e  cues,  
s i t u a t i o n  i s  i n  pa r t  caused by the  necess i ty  f o r  the subjec t  t o  wear a 
face mask. A l a rge r  mask may help.  Also, t he re  w a s  some fee l ing  t h a t  
the subjec t  may have been too c lose  t o  the  bulkhead, l imi t ing  per iphera l  
v i s ion .  The d is tances  involved should be examined t o  determine the  
magnitude of t h i s  problem. F ina l ly ,  i n  the event t h a t  v i s i b i l i t y  ca.nnot 
be improved, more t a c t i l e  cues should be provided. Subjects reported 
t h a t  t a c t i l e  feedback w a s  e a s i l y  sensed and in t e rp re t ed ,  i n  s p i t e  of 
the pressurized gloves a 

This 

A more de ta i l ed  evaluat ion of the v i s ion  envelope would be valuable .  
Superimposing the  v i s i o n  envelope on the  reach envelope would show 
prime and secondary work a reas .  

The procedural order  of r e s t r a i n t  i n s t a l l a t i o n  a s  cu r ren t ly  speci-  
f i ed  i n  the Candidate Task Sequence i s  Handhold, Shoes, and/or Waist 
Tether.  It was found t h a t  the  Dutch Shoes r e s t r a i n t  could be i n s t a l l e d  
u t i l i z i n g  the handhold. However, it was discovered i n  the  F e a s i b i l i t y  
Tests  t h a t  two handholds a r e  necessary f o r  the subjec t  t o  don the Dutch 
Shoes a f t e r  they have been i n s t a l l e d .  It was a l s o  noted t h a t  the w a i s t  
t e t h e r  could not  be i n s t a l l e d  using only a handhold r e s t r a i n t .  
c lus ion  drawn is  t h a t  s u b s t a n t i a l  rev is ion  must be made t o  the concepts 
of r e s t r a i n t  i n s t a l l a t i o n  a s  cu r ren t ly  envisioned i n  the t a sk  sequence, 
The method of i n s t a l l a t i o n  f o r  each r e s t r a i n t  i s  f e a s i b l e ,  but does not  
ye t  s a t i s f y  the  c r i t e r i o n  of being r ead i ly  i n s t a l l a b l e  anywhere on the 
ex te rna l  por t ion  of a spacecraf t .  The order of r e s t r a i n t  i n s t a l l a t i d n  
i s  questionable because of the object ions noted above. 

The con- 

b ,  Force Receiver Posi t ioning 

Times required f o r  the  subjec t  t o  move the  simulated force  rece iver  
module from one pos i t ion  t o  another  a r e  l i s t e d  i n  Table 4-4. 
these times a r e  crude, but  do provide order-of-magnitude in s igh t .  Note 

Again, 
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FIGURE 4-4 INSTALLATION OF SHOE RESTRAINT 

FIGURE 4-5 WAIST RESTRAINT 
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4,1.4,3 Phase I - F e a s i b i l i t y  T e s t  Results and Recommendations (Continued) 

b Force Receiver Posi t ioning (Continued) 

t h a t  the experimental times do not  include time t o  re lease  mechanical 
fas teners  and e l e c t r i c a l  connectors e Also, rest periods a r e  again 
neglected e 

I n  both r e s t r a i n t  conditions used, Dutch Shoes and Waist Tether,  
the  upper r i g h t  pos i t i on  was excel lent  (Figure 4-6), ind ica t ing  t h a t  
the  posi t ioning and i n s t a l l a t i o n  of the module was within h i s  reach 
capabi l i ty .  I n  the  Dutch Shoe r e s t r a i n t ,  the  center  pos i t i on  
(Figure 4-7) was a l s o  e a s i l y  access ib le .  
the  center  pos i t i on  was very d i f f i c u l t  f o r  Subject 1, but not f o r  
Subject 2. This apparently r e f l e c t s  t h e  f a c t  t h a t  t h e  subjec ts  were 
not  res t ra ined i n  the  same s p a t i a l  re la t ionship  r e l a t i v e  t o  t h e  work 
area.  Subject 1 was apparently positioned too high t o  see the  center  
hole.  This points  out the  need t o  accomplish the  t e s t  item described 
i n  4.1.4.l.c above. 

I n  t h e  Waist Tether,  however, 

The lower l e f t  pos i t i on  was very d i f f i c u l t  t o  reach i n  the  Dutch 
Shoe r e s t r a i n t ,  Subjects had t o  r e l y  on t a c t i l e  feedback t o  pos i t i on  
the  module. The time data  f o r  t h i s  i tem a r e  very inconclusive,  s ince  
chance played such a grea t  p a r t  i n  whether o r  not  the  module was 
success fu l ly  posit ioned. I n  the  waist  r e s t r a i n t  (Figure 4-8), t h i s  
pos i t i on  was impossible t o  reach. The t a s k  sequence must be revised 
t o  r e f l e c t  t h i s  information. 

c .  Reach Envelope 

The reach envelope da ta  obtained i s  shown i n  Figures 4-9 and 4-10. 
A s  with a l l  quant i ta t ive  data  obtained i n  these t e s t s ,  the  reader is 
cautioned t o  use such data  a s  ind ica t ive  of t rends o r  magnitude, but 
not  a s  absolute  value.  

Subject 2 indicated a much more r e s t r i c t e d  left-hand reach than 
Subject 1. Subjective comments from Subject 2 revealed t h a t  t h i s  was 
apparently due t o  a misunderstanding of i n s t r u c t i o n s ,  s o  t h a t  the  
subjec t ,  wi th  h i s  l e f t  hand, reached only t o  a comfortable d i s t ance  
and not t o  a maximum dis tance.  

d e  General 

The following general  comments may be made about various phases of 
the  F e a s i b i l i t y  Tests .  
t o  bear i n  mind f o r  Design Ver i f i ca t ion  Testing. 

The recommendations a r e  espec ia l ly  important 
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FIGURE 4-6 MODULE POSITIONING-UPPER RIGHT 

FIGURE 4-7 MODULE POSITIONING-CENTER POSITION 
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FIGURE 4-8 MODULE POSITIONING-LOWER LEFT 

4.1,4.3 Phase I - F e a s i b i l i t y  T e s t  Results and Recommendations (Continued) 

d.  General (Continued) 

1. Simulation Technique 

The simulated module exhibited a ro t a t iona l  damping 
tendency. While t h i s  w a s  not  detr imental  t o  t h i s  simulation, 
a sphe r i ca l  cen ter  body would s i g n i f i c a n t l y  reduce t h i s  
tendency e 

The Dutch Shoes should be fabricated from an open mesh 
mater ia l  t o  reduce drag and hydrodynamic moments. 

A face  mask with a wider f i e l d  of view i s  required f o r  
water pressurized s u i t  operations.  

From Table 4-4, it w a s  noted t h a t  the  subjec ts  traversed 
the  mobili ty a id  a t  s l i g h t l y  l e s s  than .5 f t / s e c .  without any 
in s t ruc t ions  regarding the  r a t e  of movement. Based on pre- 
viovs ana lys i s ,  the  drag e f f e c t s  a r e  estimated t o  be less than 
1 pound, a t  t h i s  r a t e .  
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SUBJECT: 1 

SUIT: APOLLO - 3 P S I  

FOOT RESTRAINT 0-0 

WAIST RESTRAINT __- 

FIGURE 4-9 REACH ENVELOPE-SUBJECT 1 
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SUBJECT: 2 

SUIT: APOLLO - 3 PSI 
FOOT RESTRAINT 0-0 

WAIST l2J3STRAINT -I- 

FIGURE 4-10 REACH ENVELOPE-SUBJECT 2 
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4.1,4.3 Phase I - F e a s i b i l i t y  T e s t  Resul ts  and Recommendations (Continued) 

d .  General (Continued) 

2.  Training 

Subjects  should be t ra ined  t o  a t t a c h  lanyard or  equipment 
t e t h e r  t o  equipment p r i o r  t o  equipment re lease .  

Occasionally, subjec ts  forgot  t o  remove the  lanyard from 
i n s t a l l e d  equipment. 

A s  a l ready  noted,  subjec ts  need t r a i n i n g  i n  donning the  
Dutch Shoes. 

3. T e s t  Planning and Data Taking 

Continuous tape  recording is v i t a l .  A speed of 3-3/4 i p s  
is adequate. 

Two-way communication between the  subjec t  and t h e  tops ide  
Communication t o  underwater personnel t e s t  d i r e c t o r  is  v i t a l .  

i s  des i rab le .  Movies should be t i m e  coordinated with tape.  

4.1.4.4 Phase I1 F e a s i b i l i t y  Test  Results and Recommendations 

Addit ional  f e a s i b i l i t y  t e s t i n g  was conducted t o  complete the  t es t  procedures 
described i n  4.1.4.1 above and t o  eva lua te  equipment modifications r e s u l t i n g  
from the  Phase I t e s t ing .  The changes involved pr imar i ly  modifications t o  the  
r e s t r a i n t  system. The d i s t a l  end connectors on the  waist r e s t r a i n t  were changed 
from v i c e  g r ips  t o  ba l l - lock  pins  actuated by a thumb lever (Figure 4-11). The 
two ba l l - lock  p ins  located a t  the  ends of t he  o r i g i n a l  handhold were replaced 
by one c e n t r a l l y  located pin.  Other equipment changes included the  el iminat ion 
of t he  cargo carrier and t h e  use of lanyards f o r  car ry ing  the  r e s t r a i n t s  and 
equipment t o  the  works i t e  a 

Figure 4-12 presents  an ove ra l l  view of the  t e s t  hardware, w a i s t  r e s t r a i n t  
and pressurized space s u i t  used i n  the  Phase I1 f e a s i b i l i t y  t e s t i n g .  The 
s p e c i f i c  r e s u l t s  of t h i s  t e s t i n g  e f f o r t  are presented below. 

a e Hardware comments : 

1. Lanyard lengths were too shor t ,  A minimum length of 4' on a take-up 
reel i s  recommended. The take-up reels should be mounted on t he  
f r o n t  of t he  wais t  t e t h e r  b e l t  when the  waist r e s t r a i n t  i s  used, 
and on a separa te  b e l t  when it  i s  not  used. 

2 ,  The handle on the  Dutch Shoe Platform provides very  l i t t l e  cont ro l .  
The handle should be remounted a t  t h e  f r o n t  of t h e  shoes,  as near  as 
poss ib le  t o  the  attachment pins .  
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FIGURE 4-11 WAIST PESTRAINT-MODIFIED 

FIGURE 4-12 FEASIBILITY TEST-PHASE 2 
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a .  Hardware comments : (Continued) 

3. The d is tance  between the  w a i s t  r e s t r a i n t  mounting locat ions was 
increased approximately 8" from the pos i t ions  t h a t  had been pre- 
viously defined. N o  no t iceable  d i f f i c u l t y  with the  new pos i t ion  
w a s  encountered. 

4 .  The w a i s t  t e the r s  must be longer. A minimum of 3'  on each s ide  
i s  required.  

5. The new module pos i t ions  a r e  acceptable .  

6.  The e n t i r e  layout of a l l  tasks  i s  acceptable.  

7. The new i n s t a l l a t i o n  mechanism f o r  the wais t  t e t h e r  i s  acceptable.  
The smooth sur face  on the  thumb-depressant resul ted i n  the  subjec t  
repeatedly losing cont ro l  of t he  mechanism. This sur face  should 
be knurled e 

8. The meter displays f o r  t he  two-hand eye-hand coordination t a sk  w i l l  
have t o  be t i l t e d  upward. 

b. Experiment Procedure Comments 

1. 

2 .  

3 .  

4 .  

Subjects could not reach the pos i t ion  f o r  the handhold i n s t a l l a t i o n  
while gripping the  mobili ty a i d  with the  l e f t  hand. This pos i t ion  
may be lowered s l i g h t l y  o r  add i t iona l  handholds w i l l  be required.  

One handhold i n  a c e n t r a l  pos i t ion  w a s  s u f f i c i e n t  t o  don the shoes. 
Both subjec ts ,  however, expressed a preference f o r  having two- 
handholds * 

One subjec t  exhibited a tendency t o  grasp the  operat ing rod on the 
handhold. This could r e s u l t  i n  acc identa l  re lease  of the handhold. 
The problem can probably be solved by t r a in ing .  

In the  w a i s t  r e s t r a i n t  only,  the  subjec t  cannot be expected t o  
accura te ly  pos i t ion  himself.  I f  accuracy is t o  be maintained, the 
observer w i l l  have t o  assist  the  subjec t  i n  t h i s  condition. 

c .  Access Panel 

An access panel,  Figure 4-13, depth of 10' was found t o  be acceptable .  
Dimensions f o r  the  opening panel as se lec ted  by each subjec t  a r e  shown 
i n  Figure 4-14. Under these condi t ions,  reach and v i s ion  envelopes f o r  
the access tasks  were sa t i s f ac to ry .  
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FIGURE 4-13 ACCESS PANEL-SIZE DETERMINATION 

Subject 1 
- - - - - Subject 2 

FIGURE 4-14 ACCESS PANEL-DIMENSIONSlONS AND LOCATION 
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4.2 TASK PANEL DESIGN 

This s ec t ion  descr ibes  the  Task Panel Design i n  d e t a i l ,  S t a r t i ng  with the  
general  design fea tures  and main frame design, each task/module i s  discussed i n  
depth t o  f a c i l i t a t e  an understanding of i t s  design, cons t ruc t ion  and operation. 

4.2.1 GENERAL DESIGN CONSIDERATIONS 

The r e s u l t s  of the F e a s i b i l i t y  Tests  described above provided information 
f o r  major changes t o  the  o r i g i n a l  concept. Figure 4-15 depic t s  the  f i n a l  Task 
Panel configurat ion i n  the  deployed configurat ion,  
a reduction i n  s i z e  of t he  Force Receiver Module from 12" x 12" x 12" t o  10" x 
10" x 9.5" deep and a change i n  loca t ion  of the  two extreme receptac le  pos i t ions .  
The lower- lef t  receptacle  was  elevated t o  a pos i t ion  within the  main frame, 
while t he  upper-right receptac le  was moved toward the center  from i ts  o r ig ina l ly  
conceived pos i t ion .  
the Task Panel from 24 t o  20 inches.  
locat ion of the  Prec ise  Hand Movement Task Module t o  the  upper l eve l  and the 
Force/Torque Task Cue Panel t o  a pos i t ion  on top of t he  main frame. 
changes a l s o  meant t h a t  t he re  would be an increase  i n  the time required t o  deploy 
and set-up the Task Panel f o r  operat ion,  

The f i r s t  of the changes was 

These changes allowed a reduction i n  the  ove ra l l  depth of 
The two o ther  major changes were the re-  

These 

Figure 4-16 shows the  stowed configurat ion of the Task Panel with the cover 
opened. Ins ide  the cover is  the  Limited Access Panel (Para, 4.2.8) and the 
four  ad jus tab le  mounting rods. 
"Expando-Grip" f a s t ene r s ,  and the  rods mount t o  brackets on the  panel door. 
The rods a r e  mounted t o  the  Task Panel a t  the  points  marked "A". 

The panel i s  at tached t o  t he  cover with four  

Point ltBr' is the  attachment f o r  the  Handhold Res t ra in t  * 

The four  main task  modules, the Force/Torque Receiver, Precise  Hand Movement, 
Operational Maintenance and Two Hand Task a r e  located i n  the  upper p a r t  of the 
Task Panel. This i s  a d i r e c t  r e s u l t  of the F e a s i b i l i t y  Tests  and was done t o  
optimize the  loca t ion  of each task .  The lower port ion contains the  Cue Panel, 
upper-right pos i t i on  receptacle  and the observers panels. The pos i t ion  occupied 
by the Cue Panel becomes the lower- lef t  receptacle  f o r  the Force/Torque Receiver. 

It should be s p e c i f i c a l l y  noted t h a t  t he  design of the Task Panel described 
here  was mainly f o r  use i n  the  four  s imulat ion modes; neu t r a l  buoyancy, KC-135 
Keplerian f l i g h t s ,  6 degree-of-freedom mechanical, and 1-g. The requirements 
of the f i r s t  two of these establ ished the environmental design parameters f o r  
models b u i l t  i n  t h i s  program. That is ,  the  neu t r a l  buoyancy mode required t h a t  
a l l  e l e c t r i c a l  and e l ec t ron ic  parts and/or connections be sealed or  otherwise 
operable underwater, and the KC-135 required s t r u c t u r a l  i n t e g r i t y  t h a t  would 
survive the impact of a crash landing. The r e s u l t s  of these requirements can be 
p a r t l y  observed i n  Figure 4-15. For instance,  the  Cue Panel i s  a sealed pre- 
ssur ized can as i s  the Force/Torque Receiver Module. 
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4,2.1 GENERAL DESIGN CONSIDERATIONS (Continued) 

The design a l s o  incorporates t h e  concept of using p a r t s  of the  Task Panel 
f o r  more than one purpose, For instance,  the  cover, while protect ing t h e  face 
of the  Task Panel during non-operating condi t ions,  a l s o  serves a s  a p a r t  of the  
experiment a s  described i n  paragraph 4.2.2, and a s  noted above,also provides 
the  stowage f o r  the L i m i t e d  Access equipment described i n  paragraph 4.2-8. The 
Force Receiver (Para. 4.2.4) serves as the  equipment f o r  the  Module Removal/ 
Rep lacemen t Task 

The Main Frame is  a we lded ,  r iveted s t r u c t u r e  which provides the  main load 
carrying members of the  e n t i r e  Task Panel including the  mounting. Removable 
covers a r e  provided on the  back, s i d e s ,  top  and bottom, with s i d e  covers con- 
t a i n i n g  recessed carrying handles. 
i s  r iveted t o  the  main s t r u c t u r e .  

The f r o n t  face is a sheet  metal s k i n  which 

4 2.2 RESTRAINT INSTALLATION 

A s  stated previously,  the  r e s t r a i n t s  used i n  t h i s  program were a Handhold, 
Variable F l e x i b i l i t y  Waist Tether,  and Gemini Dutch Shoes. A l l  th ree  were 
designed and/or modified so t h a t  t h e  attachment t o  the  worksite was by means of 
double-acting ba l l - lock  pins  e 

4.2.2.1 &nd hold Res t r a in t  

Figure 4-17 shows t h e  Hand Res t ra in t ,  and Figure 4-18 shows it mounted i n  
the Task Panel cover. This is  the  f i r s t  r e s t r a i n t  t o  be i n s t a l l e d  i n  t h e  Task 
Sequence and i s  used t o  a s s i s t  i n  donning the  other  r e s t r a i n t s .  The long t h i n  
rod is used t o  unlock the  pin.  Af t e r  the  cover is removed the r e s t r a i n t  i s  
placed on t h e  lower, l e f t  s i d e  of the  Task Panel face ,  a s  shown i n  Figure 4-19, 
as  an a s s i s t  t o  the subjec t  should he need it. 

4,2.2.2 Variable F l e x i b i l i t y  Waist Tether 

The va r i ab le  f l e x i b i l i t y  t e t h e r  can be varied from a s t a t e  of ropel ike 
f l e x i b i l i t y  t o  a degree of r i g i d i t y  t h a t  e f f e c t i v e l y  r e s t r a i n s  a pressure- 
su i ted  astronaut  while he i s  performing any work tasks  within h i s  cur ren t  t a s k  
spectrum. Addit ional ly ,  t h e  t e t h e r  may be r igidized t o  an intermediate 
"plast ic"  s t a t e  t o  permit minute changes i n  i t s  configurat ion.  This permits 
the astronaut  t o  make prec ise  adjustments i n  h i s  pos i t i on  r e l a t i v e  t o  h i s  task  
s i te  while he i s  adequately rest rained by the  p a r t i a l l y  r igidized t e t h e r ,  

These c h a r a c t e r i s t i c s  a r e  achieved by forming a t e t h e r  from a number of 
b a l l  and socket l inks  strunr:  on a c e n t r a l  cable  (Figure 4-20), Adjacent l inks 
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FIGURE 4-17 HAND RESTRAINT 

FIGURE 4-18 HAND RESTRAINT MOUNTED I N  COVER 
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FIGURE 4-19 HAND RESTRAINT MOUNTED I N  TASK PANEL 

WOVEN MZSH SHEATH WOVEN MZSH SHEATH 

TENSIONING 
' CABLE 

FIGURE 4-20 VARIABLE FLEXIBILITY TETHER CONCEPT 
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4,2,2.2 Variable F l e x i b i l i t y  Waist Tether (Continued) 

bear upon one another i n  compression. The magnitude of t h i s  compression force 
i s  a d i r e c t  funct ion of the  c e n t r a l  cable  tension,  which is va r i ab le  by means 
of an ac tua tor .  The f r i c t i o n a l  forces  between adjacent l i nk  sur faces ,  which 
a l s o  vary i n  d i r e c t  r e l a t i o n  t o  the compression forces ,  r e s i s t  r e l a t i v e  motion 
between l inks .  Thus, the  g rea t e r  the cable tension, the g rea t e r  i s  the  t e t h e r ' s  
a b i l i t y  t o  r e s i s t  deformation. By varying the  cable tension from s l ack  t o  i t s  
working t e n s i l e  l i m i t ,  t he  t e t h e r ' s  degree of r i g i d i t y  may be varied as a con- 
tinuous funct ion over a wide range. No change i n  r e l a t i v e  pos i t ion  between any 
of the t e t h e r  l inks  takes place when the  cable  tension i s  var ied .  In  o the r  
words, the  t e t h e r  w i l l  r e t a i n  i t s  shape a s  long as  there  i s  i n t r a l i n k  f r i c t i o n .  
Changes i n  shape can only be e f fec ted  by ex terna l ly  applied bending moments suf -  
f i c i e n t  t o  "yield" the t e t h e r  by overcoming i n t r a l i n k  f r i c t i o n .  Thus, degree of 
r e s t r a i n t  and r e s t r a i n t  geometry a r e  independently con t ro l l ab le  i n  minute incre-  
ments e 

The Variable F l e x i b i l i t y  Waist Tether used i n  t h i s  program i s  shown i n  
Figure 4-21. The mechanism with the  handle a t  the sub jec t ' s  s ide  i s  the  take- 
up and re lease  mechanism. Also shown i n  t h i s  p ic ture  a r e  the  r e t r ac t ab le  lan- 
yards on the  sub jec t ' s  wais t  and w r i s t  used t o  r e t a i n  the shoe r e s t r a i n t  during 
t ranspor t  and the  too l s  required f o r  the  experiment operat ions,  respect ively.  

4.2,2.3 Foot Res t ra in t  

Figure 4-22 i l l u s t r a t e s  the  foot  r e s t r a i n t .  The Handle over the  toes i s  
f o r  i n s t a l l a t i o n  and re lease .  The shoes used were developed t o  accomodate the  
Gemini s u i t  boot and, consequently, f i t  the  A7L s u i t .  However, the  boots of the  
AES s u i t  d i d  not  i n t e r f ace  properly,  and therefore ,  it was necessary t o  remove 
the  back sec t ion  of the  shoes whenever t h a t  s u i t  was u t i l i z e d .  

4,2.3 GAINING ACCESS TO WORK SITE (FRONT COVER) 

This p a r t  of the Task Sequence cons i s t s  of removing the  cover of the Task 
Panel using 2 d i f f e r e n t  t oo l s ,  a r a t che t  wrench and a "TI' handle wrench, a f t e r  
the  subjec t  has i n s t a l l e d  and donned h i s  personal r e s t r a i n t s .  
a s  a smooth sur face  with a hole  i n  the  center  and 2 f a s t ene r s  a t  each corner 
(a hex head and a socket head b o l t ) .  
point  f o r  the  hand r e s t r a i n t s  (See Figure 4-23). 

The cover appears 

The hole  i n  the  center  i s  an attachment 

The cover is approximately 4,25" deep and was designed s o  t h a t  the  a t t ach -  
ment b o l t s  were within the  envelope of the  cover,  hence the  "notched" corners.  
Standard b o l t s  were o r i g i n a l l y  u t i l i z e d  with t h e i r  heads wel l  below the  sur face ,  
However, i t  was  soon rea l ized  t h a t  the subjec t  would not be ab le  t o  see  the  
bo l t s  on the  l e f t  s ide  and have d i f f i c u l t y  seeing the  b o l t s  a t  the  lower-right 
corner,  making the  cover removal a s i g n i f i c a n t l y  l a rge r  task .  To a l l e v i a t e  
t h i s  condi t ion,  spec ia l  cap t ive ,  shou lde r \bo l t s  were made s o  tha t  the  heads 
would be f lu sh  with the sur face  cover, 



FIGURF, 4-21 VARIABLE FLEXIBILITY WAIST TETHER 

FIGURE 4-22 FOOT RESTRAINT 
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FIGURE 4-23 COVER REMOVAL 

4 - 2 . 3  GAINING ACCESS TO WORK SITE (FRONT COVER) - (Continued) 

load carrying capaci ty  during t ranspor t  and t o  r e t a i n  the cover i n  pos i t ion  
a f t e r  the  corner b o l t s  a r e  released. 

The cover a l s o  provides a s torage place f o r  the  L i m i t e d  Access Panel and 
Support Rods (See para. 4 . 2 . 7 )  e 

4.2 .4  FORCE/TORQUE MODULE 

The Force/Torque Receiver is  a device which w i l l  measure forces  and torques 
applied t o  i t  e i t h e r  manually, i n  the  three  orthogonal axes or  with too l s ,  i n  
clockwise and counterclockwise d i r ec t ions ,  Basical ly  the  u n i t  cons is t s  of an 
instrumented s h a f t  capable of accepting e i t h e r  a I'D" shaped handle o r  t o o l  
adapter ,  Figure 4-24. The sha f t  i s  i n  t w o  p a r t s ,  connected by a precis ion 
universal  j o i n t .  This was done t o  assure  t h a t  none of the  forces o r  energy 
imparted t o  the  s h a f t  would be required t o  de f l ec t  the  s h a f t ,  and therefore  
a l l  energy i s  applied d i r e c t l y  t o  the force sensors,  



FIGURE 4-24 FORCE RECEIVER 

FIGURE 4-25 FORCE RECEIVER-REAR VIEW 
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4.2,4 FORCE/TORQUE MODULE (Continued) 

Seven qua r t z -c rys t a l  force sensors,  Kistler Model 912, are located in- 
t e r n a l l y .  One of these measures the +X (push, p u l l )  forces .  The o ther  s i x  a r e  
used t o  measure t h e  +Y ( l e f t ,  r i g h t )  and +Z (up, down) forces  and the  CW and CCW 
torques,  Figure 4-25. 

The s h a f t  i s  inser ted  i n  a housing which contains two p rec i s ion  b a l l  
bushings. 
d i rec t ions .  Although the  s h a f t  movement i s  less than 0.002 inch, it was 
necessary t o  include t h e  bushings because the s t a r t i n g  f r i c t i o n  of any s h a f t  
movement can be considerable,  and r e s u l t  i n  a s i g n i f i c a n t  amount of da ta  e r r o r .  
The housing a l s o  provides the  mounting f o r  t h e  force  transducers.  
- +X d i r e c t i o n  transducer i s  mounted i n  t h e  r e a r  end of the  housing. The +Y, -Y9 
+Z, -Z transducers a r e  mounted near  the forward end of the  housing, a t  r i g h t  
angles t o  the  s h a f t .  The transducers measuring the  CW and CCW torques a r e  lo- 
cated midway between the two bearings on the r e a r  s h a f t ,  o f f s e t  2.0 inches from 
t h e  s h a f t  center .  An arm was placed i n  the  s h a f t  a t  r i g h t  angles t o  transmit 
the  load. Since the  sensors,  except f o r  the  +X sensor,  a r e  located s o  t h a t  the  
force vector  does not  pass d i r e c t l y  through the  sensor,  a conversion f a c t o r  must 
be applied t o  the  output of the  transducer.  

These bushings guide t h e  s h a f t  movement i n  t h e  +X and CW and CCW 

The s i n g l e ,  

(See Figures 4-26 and 4-27.) 

Transducer 

Hand l e  Bearings 

\- (XI 

Applied Force 

(Y o r  Z )  Universa 1 J o i n t  

R (Transducer) 

x2 7 
I_,- x 1 - 4  

Force 

FIGURE 4-26 TRANSDUCER ARRANGEMENT 
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4.2.4 FORCE/TORQUE MODULE (Continued) 

Since the re  i s  e s s e n t i a l l y  no movement i n  the  s h a f t ,  the  forces  on the 
load ce l l  can be ca lcu la ted  a s  follows: 

Tu-joint  = 0 

Applied Force x X, = 

R = Xi (Applied 
c 

x2 

R x X2 

Force) 

I n  a s imi l a r  manner, the output of the  transducers measuring the  CW and CCW 
torques must be adjusted.  The o f f s e t  of torque transducers i s  2.0 inches,  There- 
f o r e  they w i l l  be measuring torques one-half a s  grea t  a s  a r e  a c t u a l l y  appl ied ,  
These compensations were readi ly  performed w i t h  the Charge Amplifiers by apply- 
ing a known load and s e t t i n g  the  output accordingly.  

Transducer 

R e s  is t ing F 
Force 
(Measured) 

I 

A.>plied Torque T 

T = 2F 

F = T  
2 

FIGURE 4-27 TORQUE MEASUREMENT 
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4 e 2 a 4 FORCE /TORQUE MODULE (Continued) 

One of the  problems encountered i n  measuring forces i s  the determination 
of t h e  a c t u a l  point  of force  appl ica t ion ,  because the e r r o r s  introduced i n  the  
da ta  a r e  considerable when t h a t  point  i s  i n c o r r e c t l y  i d e n t i f i e d .  

FIGURE 4-28 TUND PLACEMENT ON HANDLE 

I n  Figure 4-28, it i s  seen t h a t  the cor rec t  point of force app l i ca t ion  
should be through t h e  center l ine  of the  handle. 
grasp the  handle too low, h i s  f ingers  w i l l  be pressing on the bottom bar ,  
s h i f t i n g  t h e  point  of force app l i ca t ion  by almost 1.0 inch. To el iminate  t h i s  
source of e r r o r  from the da ta ,  the  handle span was made much l a r g e r  than 
a c t u a l l y  required,  and then tape was applied t o  the  center  port ion of t h e  handle. 
The subjec t  was ins t ruc ted  t o  grasp the taped sec t ion  of the  handle. 

However, should the subjec t  

To enable i t s  r e l i a b l e  use underwater, the Force Receiver was mounted i n  a 
sealed can, and then pressurized t o  about 4 p s i .  Other precautions were taken 
i n  the  design of t h i s  device f o r  underwater use. These include a bladder-type 
s e a l  between the  s h a f t  and f r o n t  panel face  and po t t ing  the  cable  passage through 
the f r o n t  face .  This l a t t e r  f e a t u r e  represents  a compromise with the Task 
Sequence s ince  i t  was o r i g i n a l l y  conceived t o  have a connector there  f o r  t h e  
subject  t o  de-mate and mate when performing the  module removal task.  

The output of each force transducer was i n  input  t o  charge ampl i f ie rs  
mounted outs ide t h e  force receiver .  The output of the charge amplif iers  is a 
d i r e c t  analog of the  force applied and was recorded d i r e c t l y  (See Section 4.2.9). 
The Cue Panel, Figure 4-29 which was a l s o  made a s  a sealed pressurized u n i t ,  
provides the  commands t o  t h e  t e s t  subjec t  f o r  t h e  Force/Torque Tasks. 
ind ica tor  l i g h t s  a r e  provided f o r  the  t h r e e  force types (Impulse, Sustain,  

Separate 
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FIGURE 4-29 CUE PANEL 

4.2.4 FORCE/TORQUE MODULE (Continued) 

Precise) and the 8 force d i rec t ions  (+X, -X, +Y, -Y, +Z, -Z, CW and CCW), I n  
addi t ion,  one l i g h t  provides a "Ready s igna l ,  Two 3-d ig i t  numerical displays 
a r e  provided f o r  use i n  the  Precise  Force/Torque Mode; the  upper f o r  the force 
quant i ty  commanded; and. t he  lower f o r  t he  force  quant i ty  emitted, The force o r  
torque quant i ty  commanded i s  supplied by the observer th ru  a 3-d ig i t ,  thumbwheel 
switch. 
0 thru  9.  The output of each switch i s  connected d i r e c t l y  t o  i t s  respect ive 
decoder and alpha-numeric display on the  cue panel. Thus the same d i g i t s  can be 
used f o r  t h e  Force Task a s  the  Torque Task, 

Each switch provides a decimal-to-binary conversion of the  numbers 

In  order  t o  display the  force emitted on the  Cue Panel, an analog-to-digital  
conversion of the force output of t he  change ampl i f ie r  i s  used. The d i g i t a l  work 
i s  decoded t o  provide the  three  place d i g i t a l  readout. The decoding i s  performed 
i n  the  Pen-Lite decoder which uses a Fa i rch i ld  monolithic c i r c u i t .  

The ac tua l  digi ta l - to-analog conversion i s  performed using the  comparator- 
counter approach, In  t h i s  approach, t h e  analog s igna l  (Charge Amplifier Output) 
i s  the  input t o  an in t eg ra to r  c i r c u i t .  The output of the in t eg ra to r  i s  fed t o  a 
comparator which gates the  clock s i g n a l  t o  t h e  counter. When the  in tegra tor  
s igna l  i s  below the  reference vol tage,  the  clock s i g n a l  i s  being fed to the  
counter. When the  reference vol tage i s  exceeded, t he  comparator changes s t a t e  
and i n h i b i t s  the  transmission of pulses t o  the  decoder. The clock i s  a 10 KHZ 
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4,2.4 FORCE/TORQUE MODULE (Continued) 

o s c i l l a t o r  which means t h a t  it requires  approximately 100 mill iseconds t o  count 
1000 pulses ,  which i s  the  l a r g e s t  number t o  be converted. Af t e r  100 mill iseconds 
t h e  number i s  displayed on the  panel,  and the  counter continues t o  receive pulses 
f o r  411 mill iseconds,  
process repeats .  

A t  t h i s  t i m e  the  counter and i n t e g r a t o r  a r e  r e s e t  and t h e  

4 e 2 e 4 1 Module Remova 1/Rep lacement 

The Force/Torque Module (FTM) i s  a l s o  used f o r  t h e  Module Removal/Replace- 
ment Task. 
Figure 4-15. The center  locat ion (posi t ion 1) is  t h e  stowed locat ion of the  
module, and t h e  lower l e f t  locat ion (posi t ion 3) i s  the stowage pos i t i on  of t h e  
Cue Panel. The upper r i g h t  locat ion (pos i t ion  2) is a s p e c i a l l y  designed re- 
ceptacle  which i s  stowed i n  the  lower r i g h t  s ec t ion  of the  Main Task Panel. 

Three receptacles  a r e  provided i n  t h e  Task Panel f o r  the  FTM, 

Four capt ive b o l t s  with 3/8 hex heads were used t o  f a s t e n  the  FTM i n  each 
of t h e  3 pos i t ions .  These were released and fastened with the  r a t c h e t  wrench. 
The I’D” Handle was  used t o  remove and i n s e r t  t h e  FTM i n  each of the  t h r e e  
posi t ions.  I n  p r a c t i c e ,  i t  was found t h a t  the  re leas ing  and fas ten ing  of the  
four  b o l t s  recyiired more time than was allowed, and therefore ,  two b o l t s ,  a t  
opposite corners were removed e 

4.2.5 PRECISE HAND MOVEMENT 

This removable module contains  3 independent negator spr ing  motors, each of 
which turns  a cable  take-up drum and a potentiometer. A cable  attached t o  each 
drum i s  passed over a s e r i e s  of pulleys and terminates i n  an e y e l e t  a t  t h e  f r o n t  
of the  module. The spr ing  tensions were adjusted t o  give loads of 1-1/4, 2-1/2 
and 5 lbs .  

The f r o n t  panel, Figure 4-30, of the  module i s  made of p lex ig lass  and i s  
s l o t t e d  with a va r i ab le  width, saw-tooth shaped opening. 
opening i s  located a t  the  s i d e  where t h e  eye le t s  a r e  re ta ined.  Separate con- 
duct ive surfaces  were applied t o  t h e  top and bottom edges of t h e  saw tooth.  

The widest p a r t  of t h e  

The t h i r d  p a r t  of t h i s  t a s k  is  a conductive probe, with an insulated handle. 
A t  the  f r e e  end of the  probe, the  handle is shaped so t h a t  it can e n t e r  and be 
retained i n  the eye le t s .  Extending from t h e  insulated handle is  the  conductive 
contactor .  A cable  attached t o  the  contactor  passes out  the  o t h e r  end of the  
handle i n t o  the  Task Panel where it terminates i n  a ground connection, 

During t h e  experiment, the  subjec t  removes t h e  probe from i t s  r ecep tac l e  i n  
the  Task Panel and i n s e r t s  t h e  f r e e  end i n t o  one of t h e  eye le t s .  The cable  i s  
pulled out s l i g h t l y ,  and t h e  subjec t  touches t h e  probe t o  a switch located behind 
t h e  widest p a r t  of the s l o t t e d  opening, This causes a p a i r  of l i g h t s  a t  t h a t  
end panel t o  go on, and a t  t h e  same t i m e ,  puts  a t i m e  mark on t h e  recorder,  ind i -  
c a t i n g  t h a t  the  subjec t  is now being timed and turns  on a l i g h t  on t h e  observer 
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4,2.5 PRECISE HAND MOVEMENT (Continued) 

panel t o  ind ica t e  t h a t  the t a sk  i s  underway, 
s l o t t e d  opening pul l ing  the  spr ing  loaded cable ,  making sure  t h a t  it i s  approxi- 
mately p a r a l l e l  t o  t h e  f ron t  panel, which keeps the conductor-part of the  probe 
within the s l o t .  Should the  probe make contact  with e i t h e r  the  top o r  bottom 
edge of the  s l o t t e d  opening, a corresponding red l i g h t  goes on and remains on 
u n t i l  the  contact  i s  broken,, 

The subjec t  then t raverses  the  

Another switch located a t  the narrowest p a r t  of t he  s a w  tooth i s  contacted 
by the  probe turning on another p a i r  of white l i g h t s ,  This ind ica tes  t o  the  
subjec t  t h a t  he has reached the  end of t he  t raverse ,  and he now should s ta r t  the 
return.  A time mark i s  a l s o  recorded then, A t  the  conclusion of the  re turn  
t raverse ,  the  probe i s  again touched t o  the  f i r s t  switch turning o f f  a l l  l i g h t s ,  
Thus the  t i m e  f o r  each pa r t  of the  t raverse  i s  recorded. 

The module i s  retained i n  the  Task Panel by means of two quick-release,  
Expando-Grip fas teners  located a t  opposite corners of the f r o n t  p l a t e .  
module i s  inverted,  t h a t  i s ,  with the loads coming from the opposite d i r ec t ion ,  
the  fas teners  a l s o  loca te  i n  the  opposite holes.  

When the  

The contact  de t ec to r  c i r c u i t ,  Figure 4-31 of the  Prec ise  Hand Movement Task 
The c i r c u i t  i s  designed t o  prevent a rc ing  when the contact  i s  made (or broken). 

cons is t s  of a vol tage d iv ide r  network which puts +41 mv through a 10 K r e s i s t o r  
i n t o  the inver t ing  input  of a d i f f e r e n t i a l  amplif ier .  The non-inverting input 

FIGURE 4-30 PRECISE HAND MOVEMENT TASK 
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4 a 2.5 PRECISE HAND MOVEMENT (Continued) 

has a p o t e n t i a l  of +21 mv appl ied t o  it. 
ampl i f ie r  is i n  negat ive s a t u r a t i o n  and the  vol tage a t  the  summing junc t ion  
( inve r t ing  input)  i s  a t  +35 mv. The contac t  i s  t i e d  t o  t h e  summing junct ion 
through a 100 r e s i s t o r .  When the  contac t  is  grounded the  summing junc t ion  o r  
i nve r t ing  input  of the  ampl i f ie r  is  pulled t o  ground p o t e n t i a l ,  and the  ampl i f ie r  
output goes t o  pos i t i ve  sa tu ra t ion .  

With the  contact  open the  d i f f e r e n t i a l  

The maximum vol tage  seen a t  the  contac t  i s  35 mv from a source impedance of 
approximately 10 K ;  thus l imi t ing  the  energy ava i l ab le  a t  t he  contact  t o  such a s  
low value t h a t  no sparking can occur. 
the  two elements of t h e  contac t  (probe and sur face)  should be of the same metal 
t o  prevent f a l s e  operat ion due t o  po ten t i a l s  generated by galvanic ac t ion .  

Because of t he  small vol tages  involved, 

4.2.6 TWO-HAND EYE/HAND COORDINATION 

The elements of t h i s  task  a r e  mounted d i r e c t l y  i n t o  the  Task Panel a s  
opposed t o  being a separa te  module, and a r e  located on e i t h e r  s i d e  of t he  
Operational Maintenance Task Module (See Figure 4-15). 

Contact 

+6,2 

I i 
c) 

30.8K 
---/vvG 

(41mV) 

-7- 
10K 

'vv\r 1 -h 
I 

3 . 0 X  
-vvv 

output 

FIGURE 4-3 1 SCHEM4TIC CONTACT DETECTOR CIRCUIT 
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4 . 2 . 6  TWO-HAND EYE/UND COORDINATION (Continued) 

The t h r e e  test poin ts  a r e  representa t ive  of a male connector p in ,  a female 
connector p in  and a so lde r  terminal  such as would be found on a pr inted c i r c u i t  
board. A l l  t h r ee  a r e  i d e n t i c a l  i n  operat ion,  and each is operated by the  c losure  
of a hermetical ly  sealed miniature  switch located wi th in  the  housing. 
o r i g i n a l  contac t  sensor  was a Clark Microducer which is an extremely s e n s i t i v e  
fo rce  sensor  whose impedance changed from seve ra l  hundred thousand ohms t o  a 
very low value upon the app l i ca t ion  of a small force .  
t h i s  method of contact  de tec t ion  with the  method used i n  the  Prec ise  Hand Move- 
ment Task (Para. 4 .2 .4  above). 
ducer while having the  proper e l e c t r i c a l  c h a r a c t e r i s t i c s ,  was physical ly  too 
d e l i c a t e  and d i f f i c u l t  t o  use i n  an  underwater environment. 

The 

It was intended t o  compare 

It was determined, however, t h a t  the Clark Micro- 

The probe used a s  the  contac t  device approximates the  s i z e  and shape of a 
la rge  test instrument probe, but  i s  a dummy and has a dummy cable  which is t i e d -  
off i n s ide  the  Task Panel. The probe i s  s tored  i n  a receptac le  i n  t h e  Task Panel. 

The d i g i t a l  d i sp lay  cons i s t s  of two decade counters which a r e  subminiature 
modules used f o r  counting, decoding, and two 7 segment alpha-numeric readout 
devices provide the  display.  The input  command vol tage t o  the  subjec ts  d i g i t a l  
d i sp lay  i s  s e t  by the  observer using a two-digit  thumbwheel switch assembly, 
Each switch provides a decimal-to-binary conversion of t he  numbers 0 through 9. 
The output of each switch i s  connected d i r e c t l y  t o  the  respec t ive  decoder and 
alpha-numeric d isp lay  located i n  t h e  task  panel. 

On the  o the r  s i d e  of t he  Operational Maintenance Task Module a r e  located 
the  analog voltmeter and the  vol tage adjustment pots .  
countered with the  s e l e c t i o n  of a s u i t a b l e  voltmeter was the  attempt t o  provide 
a s u f f i c i e n t l y  la rge  s c a l e ,  while keeping the  o v e r a l l  meter s i z e  small enough t o  
f i t  wi thin the  l i m i t e d  space ava i lab le .  
waterproof t o  allow i ts  use underwater, and although the  supply vol tage ava i l ab le  
was 5V, the  sca l e  had t o  read t o  10. This was because the  d i g i t a l  d i sp lay  was 
capable of reading t o  99, and the  experimental design required the  use of the  
f u l l  range. The vol tage adjustment consis ted of two po t s ;  a 1 tu rn  pot a s  t he  
coarse adjustment and a 10 tu rn  pot as the  f i n e  adjustment. The adjusted vol tage 
was  a l s o  recorded v i a  the  te lemetry system. 

The major problem en- 

Al so  the  meter had t o  be completely 

A t  the  conclusion of t h e  task ,  when t h e  subjec t  f e e l s  he has s e t  t he  vol tage 
properly, t h e  Task Complete but ton is  pressed ,  r e s e t t i n g  a l l  t h e  c i r c u i t s  t o  a 
zero state and turning of f  t he  d i g i t a l  d i sp lay .  This is  a l s o  indicated on the  
telemetry giving the  c a p a b i l i t y  t o  measure the  t o t a l  elapsed time f o r  the  task.  

4 .2 .7  OPERATIONAL MAINTENANCE TASK 

This module, Figure 4-32,  contains  a network of pneumatic components, 
f i t t i n g s  and tubing arranged i n  a manner which allows t h e  subjec t  t o  pressur ize  
the network manually and remove and replace a p a r t i c u l a r  component upon depres- 
surdzat ion by the  observer,  
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4.2.7 OPERATIONAL MAINTENANCE TASK (Continued) 

Figure 4-33 i s  a schematic diagram of t h e  network employed i n  t h i s  task .  
Upon pressur iza t ion ,  the p i s ton  of the  cy l inde r  opens a p a i r  of switches. The 
pressure i s  released by the  T e s t  Observer pressing a button on h i s  panel opening 
the  solenoid valve.  When t h i s  occurs, t h e  p i s ton  releases  i t s  pressure aga ins t  
the  switches,  turning on a 3 cps o s c i l l a t o r  which operates the  l i g h t  on the  
module a t  t h a t  frequency, and a l s o  turning on the  buzzer a t  t h e  same frequency. 
The two manual switches on t h e  module a r e  each connected i n  s e r i e s  with the  
switches operated by t h e  p is ton .  The subject  opens those switches t o  turn  of f  
t h e  f l a sh ing  l i g h t  and t h e  buzzer, i nd ica t ing  he has recognized the  alarms and 
w i l l  take cor rec t ive  ac t ion .  

When the  " fa i lure"  occurs, the subjec t  uses the open-end wrench t o  remove 
t h e  nut  t h a t  connects the cy l inde r  t o  the  rest of t h e  c i r c u i t ,  and t h e  T-handle 
wrench t o  remove 2 socket-head cap screws t h a t  hold the  cyl inder  t o  the  f r o n t  
pane 1 e 

The Hand Pump is a s i n g l e  ac t ing ,  spr ing  loaded, a i r  cyl inder  which was  
f i t t e d  with a knob on the  p i s ton  t o  allow the  subjec t  t o  pressurize  the  c i r c u i t  
during the  i n i t i a l  t e s t  set-up, and a l s o  a f t e r  he has completed the  repa i r  with- 
out r e ly ing  on outs ide sources.  

The Snorkel Connector shown i n  the  schematic was used t o  enable the  network 
t o  be a i r  pressurized during t h e  Neutral  Buoyancy Simulation Tests. 

4.2.8 LIMITED ACCESS 

The Limited Access Panel provides a restricted opening f o r  t h e  test  subjec ts  
reach and v i s u a l  access t o  t h e  Task Panel (See Figures 4-34 and 4-35). 

It was determined, during the  F e a s i b i l i t y  Tests para. 4.1.3, t h a t  the 
opening i n  the  panel should be approximately 20 inches wide by 11.5 inches high, 
and should be posit ioned i n  t h e  upper l e f t  of the Task Panel so t h a t  the  opening 
exposes the  Precise  Hand Movement and Two-Hand Tasks. To be representat ive of 
a r e a l  l i m i t e d  access s i t u a t i o n ,  t h i s  Panel need be more than a simple frame re-  
s t r i c t i n g  reach access only. It must a l s o  prevent the  subjec t  from seeing h i s  
t a s k  by looking over o r  around. The requirement t o  stow t h i s  panel ins ide  the  
cover a l s o  w a s  considered. These resul ted i n  an o v e r a l l  s i z e  of 26.88 wide x 
20.88 high with the  opening centered i n  t h e  panel as noted above. The opening 
i n  the  panel is  normally closed with a p l a t e  which is  removed f o r  operation by 
re leas ing  four  quick re lease  fas teners .  

The Limited Access Panel is  attached t o  the  Task Panel by means of 4 t e l e -  
The te lescoping f e a t u r e  allows the  Limited Access Panel d i s t ance  scoping rods. 

from the  Task Panel t o  be adjusted between 8 and 12 inches. The attachment t o  
the  Task Panel i s  by means of threaded ends of the  rods, while attachment of the  
Limited Access Panel is  by means of snap-dn type pins.  The te lescoping rods are 
stowed on t h e  panel when not  i n  use (See Figure 4-16). 
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FIGURE 4 - 3 2 .  OPERATIONAL TASK MODULE 
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FIGURE 4-33 SCHEHATIC-OPERATIONAL MAINTENANCE TASK 
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FIGURE 4-35 LIMITED ACCESS PANEL 

4 e 2.9 ELECTRONICS PACKAGE 

An exception was made t o  the Task Panel volume l imi ta t ions ,  noted i n  sec t ion  
4.1.3, with t h e  e lec t ronics  packaged separately,  Figure 4-36.  
several  reasons: 

This was done f o r  

1. The cos t  and time required t o  package the  e lec t ronics  within the Task 
Panel envelope would have been prohib i t ive .  This would have entai led 
the use of f l i g h t  hardware design and manufacturing techniques; spec i f i -  
c a l l y  the use of multi layer printed c i r c u i t  boards and cordwood modules. 

2. Checkout, maintenance and repa i r  t i m e  and cos ts  a r e  s ign i f i can t ly  lower 
with the  configuration u t i l i z e d .  

3,  Modifications, when and i f  required,  a r e  much simpler. 

4. The design of sealed,  waterproof packages would have been required in-  
curr ing addi t iona l  cos ts  and schedule delays,  

However., s u f f i c i e n t  volume was retained ins ide  the  Task Panel t o  allow the  
2lectronics t o  be packaged there in  t o  s a t i s f y  the volumetric requirements as  
stated above. 



FIGURE 4-36 ELECTRONICS BOX 

4 e 2.9 ELZCTRONICS PACKAGE (Continued) 

Figures 4-37 and 4-38 a r e  typ ica l  of the  d i g i t a l  and analog c i r c u i t  boards 
used i n  t h i s  configuration. The d i g i t a l  c i r c u i t  boards a r e  standard printed 
c i r c u i t  boards capable of mounting s i x  14-lead f la t -sacks o r  6 TO-5 cans. The 
analog c i r c u i t  boards a r e  commercially ava i lab le  pre-punched boards with pr inted 
surfaces  t o  mate with connectors. 

Figure 4-39 i s  a typ ica l  power consumption p r o f i l e  f o r  1 experimental ses-  
sion. 
Momentary peaks of 18,2 watts were reached during the  Precise  Hand Movement Task 
when contacts  a r e  made. 
watts were reached when the Forces o r  Torques a r e  applied (2 ,  4 o r  6 sec,  each), 
The t o t a l  accumulated time f o r  the  forces and torques i s  4 minutes/session, 
This has been accounted f o r  i n  the t o t a l  energy ca lcu la t ions ,  The dumping of thc 
pressure i n  the Operational Maintenance Task causes a spike of about 27 wat t s ,  
but the durat ion of the s igna l  i s  l e s s  than 1 second, 

The t o t a l  energy consumption was approximately 16,7 watt-hrs. /session. 

During the Force/Torque Task peaks of approximately 42 
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FIGURE 4-37 TYPICAL D I G I T A L  C I R C U I T  BOARDS 

FIGURE 4-38 TYPICAL ANALOG C I R C U I T  BOARDS 
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4.2 9 ELECTRONICS PACKAGE (Continued) 

The e lec t ronics  package, contains  a l l  of the  power suppl ies ,  command logic ,  
cont ro l  and signal processing c i r c u i t s  associated w i t h  t he  Task Panel. 
power t o  the  Task Panel w a s  spec i f ied  i n  the  AAP Experiment General Requirements 
Spec i f ica t ion  as 28 VDC unregulated,  ranging from 24 t o  32 vo l t s .  This input 
vol tage is  reduced t o  -15V, +5V, +3V with s o l i d  s t a t e  power suppl ies  f o r  use i n  
the  system, thus keeping w e l l  under the lowest point  of the input  supply 
tolerance,  and independent of primary power va r i a t ions .  The only components 
using the r a w  input power were se lec ted  t o  operate  over a w i d e  range of vol tage 
s o  an add i t iona l  power supply i s  not  required.  Each t a s k  module has i t s  own 
c i r c u i t r y  &.e. power suppl ies ,  command logic ,  and output s igna l  processing. 
Thus, a f a i l u r e  i n  one w i l l  not preclude operat ion,  and thus,  data co l l ec t ion  
from the  o thers .  

The input  

Typical of the command c i r c u i t s  is the  Two-Hand Task Test Point  Command 
Logic Schematic Diagram shown i n  Figure 4-40. This c i r c u i t  allows the observer 
t o  s e l e c t  a spec i f i c  Test  Point (Male o r  Female Connector Pin o r  Solder Terminal), 
and then s tar t  the t a s k  when the sub jec t ' s  ready. Also included i n  the  c i r c u i t  
i s  a r e s e t  capab i l i t y  t o  allow the  observer t o  change the  Test Point Se lec t ion  
before s t a r t i n g  the task.  The s p e c i f i c  t e s t  point  se lec ted  i s  a l s o  iden t i f i ed  
i n  the  data output.  

4.2.9.1 Data Output Signal  Charac t e r i s t i c s  

Twenty-four separa te  s igna ls  were generated by the  e l ec t ron ic s  package f o r  
use i n  data ana lys i s .  Several  of these s igna l s  turned out t o  be redundant, but 
t o  be c e r t a i n  of including a l l  necessary information no attempt w a s  made t o  
e l iminate  ,such s igna ls  u n t i l  t e s t i n g  was conducted t o  determine the  most e a s i l y  
read and most r e l i ab le .  A l l  24 s igna l s  are l i s t e d  i n  Table 4-5, together  with 
t h e i r  func t iona l  operat ion and e l e c t r i c a l  c h a r a c t e r i s t i c s .  A l l  s i gna l s  a r e  DC. 

4.2.10 OBSERVER'S PANEL 

The Observer's Panel Figure 4-41 contains  the  cont ro ls  t o  provide command 
inputs  and cues t o  the test  subjec t .  
s trate the  s torage  concept, Figure 4-16. One sec t ion  contains the  cont ro ls  f o r  
the Force/Torque Task, while the  o ther  s ec t ion  contains  the  cont ro ls  f o r  t he  
o ther  tasks  p lus  the  t imer,  
2 incandescent lamps each. 
of a test i n  progress i n  the  event of a lamp f a i l u r e .  

The panel w a s  made i n  2 sec t ions  t o  demon- 

The cont ro ls  a r e  l i gh ted  push-button switches using 
The redundant l i g h t i n g  was done t o  prevent shut-down 
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FIGURE 4-41 OBSERVER'S PANEL 

4.2.11 AAP VEHICLE AND OTHER EXPERIMENTS INTEGRATION 

Early i n  the  Task Panel development phase of the  program, e f f o r t s  were under- 
taken t o  i den t i fy  and def ine the requirements f o r  in tegra t ing  the Task Panel 
i n t o  the  AAP OWS. There were two  areas  of consideration; stowage f o r  launch i n  
the MDA, and deployment f o r  operation i n  the experiments area of the Workshop. 
Since there  was no planned use of the Task Panel i n  the  MDA, the  in te r faces  t o  
be considered t k r e  were weight, volume, mounting, and environmentally induced 
loads. The in te r faces  t o  be considered f o r  operations i n  the  Workshop were 
those mentioned above, and i n  addi t ion ,  Input Power, Data Output s igna l  
cha rac t e r i s t i c s ,  ( in te r face  with vehicle  data  system), t e s t  subject  work envelopes 
l igh t ing ,  e t c .  It was determined t h a t  t he  only in te r face  requirrments t h a t  could 
be s a t i s f i e d  within the scope of the  program were the stowed (MDA) volume, 
mounting dimensions and the  input power requirements. The information obtained 
on the  other  i n t e r f ace  requirements was not l o s t ,  s ince  the knowledge of these  
requirements and the known c a p a b i l i t i e s  and l imi ta t ion  of t h e  Task Panel have 
suggested various methods of s a t i s fy ing  the vehicle  i n t e r f ace  requirements, 

Coupled with the e f f o r t s  t o  e s t ab l i sh  the Task Panel/Vehicle in t e r f ace  re- 
quirements, e f f o r t s  were i n s t i t u t e d  t o  in t eg ra t e  the requirements of several 
experiments s o  t h a t  a s ing le  Task Panel could be used f o r  a l l .  
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4 e 2 e 11 AAP VEHICLE AND OTHER EXPERIMENTS INTEGRATION (Continued) 

Experiment D020, Alterna te  Res t ra in ts  Evaluation, was being planned t o  
u t i l i z e  the  e n t i r e  Task Panel, and it was  a requirement on t h i s  program t o  insure  
the  compatibi l i ty  of the  Task Panel with the  DO20 t oo l  k i f  and t o  insure  t h a t  
the  Task Panel could be e a s i l y  re-located t o  the  DO20 Work Sta t ion .  

Experiment M171, Metabolic Costs of I n f l i g h t  Tasks, had a requirement f o r  
2 tasks .  The f i r s t  was a maintenance t a s k  requir ing the  use of hand too l s  and 
of 10-15 minute durat ion.  
t e s t  subjec t  t o  exerc ise  aga ins t  a known load f o r  about 5 minutes. For the 
f i r s t  t ask ,  the  Operational Maintenance Task Module w a s  suggested a s  a s u i t a b l e  
device. The module i s  constructed with seve ra l  f i t t i n g s  and r ead i ly  lends i t s e l f  
t o  disassembly. It w a s  es tab l i shed  t h a t  while the  t a sk  is s u i t a b l e ,  severa l  
changes i n  construct ion were required.  
t o  incorporate  them a t  a l a t e r  da te .  

The second w a s  a Constant Work Task Requiring the 

Those changes were noted and plans made 

The Experiment M171 Constant Work Task d i f f e r 8  from the M508 Force/Torque 
Emission Task i n  t h a t  the  l a t t e r  is e s s e n t i a l l y  a s t a t i c  force emission, t h a t  
t he re  is l i t t l e  o r  no a r m  movement during the  force emission, while the  former 
required la rge  arm movements. I n  addi t ion ,  the  Experiment M171 requi res  a 
subjec t  pacing s igna l ,  such a s  a metronome, which is  not  ava i l ab le  i n  the cur ren t  
Task Panel. 
requirements, it w a s  suggested t h a t  the  stud on the  face of the  Force Receiver be 
used t o  mount the  '9" handle and t o o l  adapter  be used as a mounting point  f o r  
the  Constant Work Device. 
t h a t  the  Force Receiver instrumentation be used t o  obta in  quant i f iab le  force 
p r o f i l e s  e spec ia l ly  r i s e  times, but t h i s  was not considered appropriate  f o r  t h a t  
experiment . 

While the  Task Panel d i d  not  appear capable of s a t i s f y i n g  these 

This suggestion w a s  accepted. It was a l s o  suggested 

Experiment M507, Gravity Subs t i t u t e  Work Bench had a requirement f o r  an 

The Operational Maintenance 
object  t h a t  can be disassembled in to  small p a r t s  which would be temporarily 
s tored on the  Work Bench, and then reassembled. 
Task Module was suggested a s  a candidate objec t  e spec ia l ly  when i t  was demon- 
s t r a t e d  t h a t  the  back cover of the  module could be removed exposing add i t iona l  
small components f o r  disassembly. This suggestion was accepted. 

Experiment M151, Time and Notion Study, i n  the  source of motion p i c tu re  
data  i n  the  Work Shop. 
M508, an e f f o r t  was i n i t i a t e d  t o  in t eg ra t e  the  requirements and c a p a b i l i t i e s  of 
M508 and M151. 
ments were defined. 

Since motion p i c tu re s  a r e  an important da ta  source f o r  

Camera locat ions i n  the  OWS were establ ished and f i lm  require- 
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SECTION 5 

EXPERIMENT DESCRIPTION 

This sec t ion  descr ibes  i n  d e t a i l  t h e  experiment which w a s  out l ined i n  
Section 3 . 6  and modified by the  F e a s i b i l i t y  Tests described i n  Section 4.1.4. 
Step-by-step procedures f o r  experimental subjec ts ,  v a r i a b l e s  which w e r e  manipu- 
l a t e d  within each task ,  and the  da ta  t o  be taken f o r  each task  are presented. 
The descr ip t ions  contained here  r e f e r  t o  t h e  conceptual Experimental Task Sequence 
presented i n  Table 3-11., During t h e  ground-based d a t a  co l lec t ion  port ions of t h i s  
program, c e r t a i n  changes i n  t h i s  sequence were necessary. These changes w i l l  be 
noted as  they a r e  encountered. 

5.1 MAJOR EXPERIMENTAL CONDITIONS 

5.1.1 RESTRAINT CONDITIONS 

The e n t i r e  experimental sequence is performed under three  major r e s t r a i n t  
conditions.  In  the f i r s t  case, a platform with the  Gemini Dutch Shoes mounted OIL 

it  provides a foot-anchoring r e s t r a i n t ,  
operated, v a r i a b l e  f l e x i b i l i t y  wais t  t e t h e r .  
bulkhead by thumb-activated tapered pins  on the d i s t a l  end. 
manually-operated u n i t  w a s  used f o r  ground-based da ta  co l lec t ion . )  
r e s t r a i n t  condition cons is t s  of a combination of t h e  w a i s t  and shoe r e s t r a i n t s .  

The second r e s t r a i n t  is a mechanically- 

(A prototype of t h e  
The t e t h e r s  a r e  i n s t a l l e d  t o  t h e  

The t h i r d  

An a d d i t i o n a l  r e s t r a i n t  i s  u t i l i z e d  i n  the experiment, but not  a s  a major 
independent var iab le .  
i n s t a l l a t i o n  of o ther  restraints, removal of t h e  t a s k  board cover and a t  var ious 
t i m e s  during other  tasks .  The handhold contains a squeeze mechanism t o  a c t i v a t e  
attachment pins ,  which are i n s t a l l e d  i n  holes  on the  t a s k  board cover and on t h e  
Task Panel i t s e l f  a f t e r  t h e  cover i s  removed. 

A handhold is  provided f o r  use by the  subject  during 

5 e 1,2 PRESSURE SUIT CONDITIONS 

The e n t i r e  experiment sequence, including r e s t r a i n t  i n s t a l l a t i o n ,  is per- 
formed under t h r e e  s u i t  conditions.  They are the  Apollo A7L (Block 11) S u i t ,  t h e  
Advanced Extra-Vehicular S u i t  (AES), and a no-suit ( sh i r t s leeve)  condition f o r  I V A  
comparisons. 

5.2 RESTRAINT INSTALLATION 

5 e 2 e 1 PROCEDURE 

An experiment s e s s ionbeg ins  with the  subject  posit ioned i n  f r o n t  of the  work- 
si te.  
take-up devices. A t  a given s i g n a l ,  the  subjec t  proceeds through the  following 
s t e p s  (assuming a w a i s t  shoe r e s t r a i n t  condition):  

A l l  r e s t r a i n t s  are at tached t o  t h e  subject  by lanyards--small cables  on 

1. Remove handhold from s u i t  tie-down with r i g h t  hand. 
2. Pos i t ion ,  i n s e r t ,  and lock handhold i n  center  of t a s k  panel cover. 
3.  
4 .  
5. Release shoe r e s t r a i n t  from s u i t  tie-down, 
6. Posi t ion and i n s t a l l  shoe r e s t r a i n t  on bulkhead, 

Release lanyard from handhold and rewind. 
Grasp handhold i n  l e f t  hand. 



5 2 1 PROCEDURE (Continued) 

7. 
8. 
9, 
10 a 

11 a 

12 0 

13 e 

14 e 

Release lanyard from shoe r e s t r a i n t  and rewind. 
Grasp handhold with both hands. 
Don shoes. 
Release right-hand end of w a i s t  t e t h e r  from s u i t  tie-down. 
Attach t o  r i g h t  panel receptacle .  
Release left-hand end of wais t  t e t h e r  from s u i t  tie-down. 
Attach t o  l e f t  panel receptacle. 
Pos i t i on  and t igh ten  t e t h e r s .  

The procedure f o r  the  waist-only or shoe-only r e s t r a i n t  conditions is simply a 
port ion of the  above s teps .  

I n  add i t ion  t o  h i s  personal r e s t r a i n t s ,  ana lys i s  leading t o  t h e  d e f i n i t i o n  
of the  t a s k  sequence indicated a need f o r  equipment r e s t r a i n t s  t o  anchor t o o l s ,  
replacement p a r t s ,  etc. Thus, t h i s  p a r t  of t h e  sequence included i n s t a l l a t i o n  of 
two equipment t e t h e r s ,  s imi la r  i n  procedure t o  i n s t a l l a t i o n  of the  w a i s t  t e t h e r s .  
Due t o  t h e  unava i l ab i l i t y  of such equipment, however, t h i s  t a s k  w a s  no t  performed 
during t h e  ground-based d a t a  c o l l e c t i o n  program. 

5.2.2 MEASURES 

Data taken during t h i s  t a s k  cons is t s  mainly of p a r t  t ask  times, sub jec t ive  
and physiological  data.  P a r t  t ask  times taken a r e  a s  follows: 

. I n s t a l l  handhold - s t e p s  1 t o  3 above 

. Don shoe r e s t r a i n t  - s t e p s  8 and 9 above 
I n s t a l l  shoe r e s t r a i n t  - s t e p s  4 t o  7 above 

I n s t a l l  and don w a i s t  r e s t r a i n t  - s t e p s  10 t o  14 above 

Subjective d a t a  is accumulated by means of a post- tes t  Questionnaire Rating Form, 
a copy of which i s  provided i n  Table  5-1. Physiological d a t a  (not taken f o r  any 
t asks  during t h e  ground-based da ta  co l lec t ion  e f f o r t )  cons is t s  of such measures 
as EKG, r e s p i r a t i o n  rate, 02 consumption, CO2 production, and body temperature. 

5.3 GAIN ACCESS TASK 

5 e 3 e 1 PROCEDURE 

Having secured himself a t  the  worksite,  t h e  subjec t  now proceeds t o  remove 
and stow the  p ro tec t ive  cover on the  task  panel,  
follows : 

The s t e p s  involved are as 

1. 
2. Loosen t e t h e r ,  
3. Move t e t h e r  i n  contact  with cover, 
4.  Attach t o  cover. 
5. 
6, R e e l  out lanyard. 
7. 

Grasp f r e e  end of l e f t  equipment t e t h e r .  

Grasp f r e e  end of lanyard on r i g h t  w r i s t  with l e f t  hand, 

Attach lanyard t o  r a t c h e t  wrench*'. 

*Tools ( ra tche t  wrench, T-handle wrench, open-end wrench, sockets and extensions) 
were placed i n  a small  holder atop the  t a s k  board during ground-based data 
co l lec t ion .  Alternat ively,  t h e  subjec t  should be expected t o  carry a t o o l  k i t  
t o  t h e  worksite. 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM 

DATE : - -  

PRESSURE SUIT: 

SIHULATION: 
RESTRAINT(S): 

T h i s  form has been designed t o  ob ta in  your opin ion  of the sui ts ,  restraints,  
toolsp etc. T h i s  data i s  of extreme importance i n  obtaining your personal 
ratings o f  the items l is ted.  Each question deals w i t h  a particular aspect of 
the total  experiment and the answers are i n  the form of a subjective rating of 
each element. The rating scale is  based on a numerical score o f  1 to  7. Low 
numbers indicate the item possesses l i t t l e  or none o f  the particular quality 
indicated. High numbers indicate the item possessed a great deal of the qual- 
i ty indicated. Each numerical selection represents your subjective opin ion  of 
the item. 

Example: How do you rate the driver's seat  of  your automobile 
i n  terms o f  comfort? 

Circle One Number 

1 2 3 4 5 6 7 

The selection of 1 would indicate the seat had l i t t l e  
or no comfort while 7 would indicate the seat was ex- 
tremely comfortable, Values i n  between would be essen- 
t i a l ly  your opinion of  the degree of comfort which the 
seat afforded e 

After each question a space has been l e f t  for any com- 
ments you may wish t o  add t o  the answer. 

Circle One Number 

A. S u i t  Evaluations: (Based on comparisons w i t h  other sui ts  you 
have worn .I ) 

l a  How do you rate  the pressure suit  i n  terms of  physical comfort? 

1 2  3 4 5 6 7 

COMMENTS : 
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Low Mobi 1 i ty 

TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

2. How do you r a t e  the m o b i l i t y  o f  the s u i t  f o r  each o f  the 
fo l lowing  p a r t s  o f  the  body? 

a. Hands 

1 2  3 4 5 6 7 

b. Arms 

1 2  3 4 5 6 7 

COMMENTS : 

c. Legs 

1 2  3 4 5 6 7 

COMMENTS : 

de Torso 

1 2  3 4 5 6 7 

COMMENTS : 

High Mobi 1 i t y  

e, Head-Neck Area 

1 2  3 4 5 6 7 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

3, How do you rate the v is ib i l i ty  of items i n  the sectors l is ted 
when looking through the helmet? 

a. Straight Ahead 

Low V i  s ibi  1 i t y  1 2  3 4 5 6 7 

COMMENTS : 

b e  Extreme Left-Right 

1 2  3 4 5 6 7 

COMMENTS : 

c. Extreme Up 

1 2  3 4 5 6 7 

d. Extreme Down 

1 2  3 4 5 6 7 

COMMENTS : 

4. How do you rate the su i t  i n  relation t o  the abi l i ty  t o  place 
your arms/hands i n  the access port for performing restricted 
access measurements? 

Very Con- 1 2  3 4 5 6 7 
straining 

CWMENTS : 

High Visibility 

Not a t  a l l  
Cons t ra i  n i  ng 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

5, How do you rate  the dexterity of the suit when manipulating small 
i tems? 

Low Dexterity 1 2  3 4 5 6 7 High Dexteri tj 

Low 

Li t t le  Effort 

6. How do you ra te  the t ac t i l e  feedback afforded by the suit  
gloves? 

1 2  3 4 5 6 7 High 

COMMENTS : 

7. Rate the suit i n  terms o f  ef for t  required t o  overcome the 
incumberance of the suit. 

1 2  3 4 5 6 7 

COMMENTS: 

8. Please comment briefly. 

a. In your opinion, what advantages d id  the suit have? 

High Degree 
of Effort 

b. In your opinion, what disadvantages d id  the suit have? 

COMMENT : 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

B. Personal Restraint(s) Evaluation: (Exclude handhold from con- 
sideration unless specifically identified; i f  hand and shoes 
were used i n  th i s  sessionp evaluate the combina t ionr  

How do you ra te  the res t ra in t ( s )  i n  terms of physical comfort 
d u r i n g  force task performance? 

l e  

Low Comfort 1 2  3 4 5 6 7 

COMMENTS : 

High Comfort 

2. How do you ra te  the res t ra in t ( s )  i n  terms of physical comfort 
d u r i n g  f ine manipulative task performance? 

Low Comfort 1 2  3 4 5 6 7 High Comfort 

COMMENTS : 

3. Rate the restraint  i n  terms of overall e f for t  required t o  
perform force emission tasks while u t i l i z i n g  the rest raint(s)  e 

.i t t l e  Effort 1 2  3 4 5 6 7 

COMMENTS : 

High Degree 
of Effort 

4. Rate the res t ra in t  i n  terms of overall e f for t  required t o  
perform fine manipulative tasks while u t i l i z i n g  the res t ra in t ( s ) .  

. i t t l e  Effort 1 2  3 4 5 6 7 

COMMENTS : 

High Degree 
of Effort 

5. Rate the ease of  res t ra int  installation for the restrai.nts used 
I n  this session. 

Hand D i  f f i  cul t 

1 2  3 4 5 6 7 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

5. Rate the ease o f  r e s t r a i n t  i n s t a l l a t i o n  f o r  the r e s t r a i n t s  used 
i n  t h i s  session. (Continued) 

Easy Waist D i f f i c u l t  

1 2  3 4 5 6 7 

Easy Shoes 

1 2  3 4 5 6 7 

COMMENTS : 

6. Rate the handhold i n  terms o f  i t s  u t i l i t y  as a r e s t r a i n t  f o r  
body con t ro l  and i n s t a l l i n g  add i t i ona l  r e s t r a i n t s .  

Low U t i l i t y  1 2  3 4 5 6 7 

D i f f i c u l t  

High U t i l i t ,  

C. Tool Evaluations: 

1. Rate the u t i l i t y  of the T-Handle used t o  i n s t a l l  the  fo rce  
rece ive r  bo1 t s  

Low U t i  1 i ty  1 2  3 4 5 6 7 High U t i l i t ,  

COMMENTS : 

2. Rate the u t i l i t y  o f  the  socket-wrench used Lo i n s t a l l  the 

Low U t i  1 i ty  1 2  3 4 5 \ Q  7 High U t i l i Q  

fo rce  rece iver  bo1 t s  

COMMENTS 
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Low Uti1 i t y  

TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

3. Rate the u t i l i t y  o f  the squeeze-clamps used t o  tighten 
equipment tethers. 

1 2  3 4 5 6 7 High Uti l i ty  

4. Rate the u t i l i t y  of the D-Handle as a means for removing 
and rep1 acing modul es 

Low Utili ty 1 2  3 4 5 6 7 High Uti l i ty  

COMMENTS: 

5. Rate the T-Handle as a tool for performing clockwise and 
counterclockwise force emissions. 

Poor 

Poor 

Low Utili ty 

1 2  3 4 5 6 7 

COMMENTS: 

6. Rate the ratchet wrench as a tool for performing clockwise 
and counterclockwise force emissions. 

Excel lent 

1 2  3 4 5 6 7 Excel 1 ent 

COMMENTS : 

7. Rate the u t i l i t y  of the open end wrench used i n  the opera- 
ti onal mai n tenance task 

1 2  3 4 5 6 7 High Uti l i ty  

COMMENTS: 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

D. Fasteners a ConnectorsP and Switch Evaluations : 

1, Rate the  u t i l i t y  o f  t he  cam l e v e r  l ock  fasteners used t o  
secure the access panel, 

Low U t i  1 i ty 1 2  3 4 5 6 7 High U t i l i t y  

COMMENTS :: 

Low U t i  1 i ty  

Low U t  i 1 i ty 

Low U t i l i t y  

2. Rate the  u t i l i t y  o f  t he  fastener used t o  connect the 
equipment t e t h e r  t o  the  task board cover. 

1 2  3 4 5 6 7 

COMMENTS: 

3. Rate the  u t i l i t y  o f  the fasteners used t o  connect 
lanyards t o  hand too ls ,  

1 2  3 4 5 6 7 

COlvlMENTS : 

4, Rate the u t i l i t y  o f  the  ex terna l  hex fasteners used 
t o  secure the cover t o  the task panel 

1 2  3 4 5 6 7 

High U t i l i t y  

High U t i l i t y  

High U t i 1  i t y  

COMMENTS : 

5-10 



TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

5. Rate the  u t i l i t y  o f  the i n t e r n a l  hex fasteners used 
t o  secure the  cover t o  the task panel. 

.ow U t i  1 i ty  1 2  3 4 5 6 7 

.ow U t i  1 i ty 

COMMENTS : 

6. Rate the u t i l i t y  o f  the two p o s i t i o n  togg le  switches 
used on the task panel. 

1 2  3 4 5 6 7 

COMMENTS : 

7. Rate the  u t i l i t y  o f  t he  pushbuttons used on the  task  
panel 

.ow U t i  1 i t y  1 2  3 4 5 6 7 

ow Ut i l i t y  

8, Rate the u t i l i t y  o f  the  r o t a r y  gang tuner used t o  se t  
i n  meter Val ues . 

1 2  3 4 5 6 7 

High U t i l i t y  

High Ut i l i ty  

High U t i l i t y  

High U t i l i t y  

COMMENTS : 
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TABLE 5-1 

QUESTIONNAIRE RATING FORM (Continued) 

9. Rate the u t i l i t y  o f  the capt ive  b o l t s  used t o  mechanical ly 
connect the fo rce  rece ive r  t o  the  panel. 

Low U t i  1 i ty  1 2  3 4 5 6 7 High U t i l i t  

COMMENTS : 

E. Miscellaneous Evaluations: 

3 .  Rate the  u t i l i t y  o f  the w r i s t  lanyards. 

Low U t i l i t y  1 2  3 4 5 6 7 

COMMENTS: 

2, Rate the u t i l i t y  o f  the wa is t  lanyards, 

Low U t i l i t y  1 2  3 4 5 6 7 

COMMENTS : 

3. Rate the u t i l i t y  o f  the s u i t  tiedowns used t o  secure 
equipment t o  the s u i t .  

Low U t i  1 i ty  1 2  3 4 5 6 7 

COMMENTS: 

F. General Comments: 

High U t i l i t ,  

High U t i l i t ,  

High U t i l i t ,  

I n  the  space provided, add any ,other comments you may have 
concerning the  su i t s ,  res t ra in t s ,  equipment, etc,  
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5.3,l  PROCEDURE (Continued) 

8. 
9. 

10  
11 * 
12 0 

13 (I 
14 
15  .. 
16 e 

1 7  e 

18 
19. 
20 0 

21. 
22 e 

23 e 
24. 
25. 
26. 
27. 
28. 
29. 
30 
31. 
32. 
33 e 

34. 
35 

36 
37. 
38 
39 e 

40 
41. 

Attach wrench t o  318" socket.  
Remove from t o o l  k i t .  
Pos i t i on  wrench a t  top r i g h t  cover fas tener  (external  hex), 
Loosen ex terna l  hex fas tener .  
Pos i t i on  wrench a t  top l e f t  cover f a s t e n e r ,  
Loosen fas tener .  
Pos i t i on  wrench a t  lower l e f t  cover fas tener .  
Loosen fas tener .  
Posi t ion wrench a t  lower r i g h t  cover fas tener .  
Loosen fas tener .  
Return 318" socket t o  t o o l  k i t .  
Return wrench t o  t o o l  k i t .  
Release lanyard from wrench. 
Attach lanyard t o  T-handle wrench. 
Remove T-handle from t o o l  k i t ,  
Pos i t i on  wrench a t  top r i g h t  cover fas tener .  
Loosen fas tener  ( i n t e r n a l  hex). 
Pos i t i on  wrench a t  top l e f t  cover fas tener .  
Loosen fastener .  
Pos i t i on  wrench a t  lower l e f t  cover fas tener .  
Loosen fas tener .  
Pos i t i on  wrench a t  lower r i g h t  cover fas tener .  
Loosen fas tener .  
Return wrench t o  t o o l  k i t .  
Secure wrench i n  t o o l  k i t .  
Detach lanyard and allow i t  t o  reel  up. 
Grasp cover using handhold, 
Transfer cover t o  pos i t i on  a t  l e f t  s i d e  of task  panel i n  out 
p o s i t  ion e 

Tighten t e t h e r .  
R e e l  out lanyard from l e f t  sleeve. 
Attach t o  handhold. 
Remove handhold from cover. 
I n s t a l l  handhold a t  l e f t  of t a s k  board. 
Release lanyard and allow t o  reel up. 

. -0 f -way 

During the  ground-based data  c o l l e c t i o n  e f f o r t ,  it w a s  discovered t h a t  the 
use of two d i f f e r e n t  f a s t e n e r s  on t h e  cover w a s  superfluous and of marginal infor-  
mational value. Steps 21 through 32 w e r e  t he re fo re  de le ted ,  r e s u l t i n g  i n  a t i m e  
saving of approximately 3-5 minutes. Also, s ince  equipment t e t h e r s  were not 
avai lable ,  t h e  subject  simply handed the  cover t o  an experiment technician.  

5.3.2 MEASURES 

A s  i n  the  r e s t r a i n t  i n s t a l l a t i o n  task ,  t h e  d a t a  co l lec ted  during t h i s  task  
cons is t s  mainly of par t - task t i m e s ,  sub jec t ive  and physiological data .  Part-task 
t i m e s  taken a r e  a s  follows: 

e Release cover f a s t e n e r s  - Steps 7-20 

g Remove cover - S t e p s  34-41 
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5 e 3 e 2 MEASURES (Continued) 

Subject ive da t a  i s  accumulated v i a  t h e  quest ionnaire  i n  Table 5-1, and physio- 
l o g i c a l  d a t a  would cons i s t  of t h e  measures noted i n  Sect ion 5.2.2. 

5.4 INSPECTION, ACTIVATION AND CHECKOUT 

The t a s k  sequence developed i n  Sect ion 3.0 included a t a s k  t o  be  represen- 
ta t ive of var ious  inspect ion and checkout procedures commonly encountered. 
w a s  de t a i l ed  which included c a l i b r a t i o n  of var ious modules (including the  fo rce /  
torque emission r ece ive r ) ,  opera t iona l  checkout of a l l  electrical  func t ions ,  s t a t u s  
of opera t iona l  maintenance task ,  and o ther  s t eps .  Ult imately,  however, t h i s  t a s k  
w a s  e l iminated from t h e  experiment sequence f o r  t h ree  reasons: 

A t a s k  

1. The na tu re  of t he  equipment w a s  such t h a t  f requent  c a l i b r a t i o n  w a s  no t  
required.  
checkout w a s  an i n t u i t i v e l y  s i m p l i s t i c  task.  

Most electrical func t ions  w e r e  simply on/off types and hence 

2. No objec t ive ,  quan t i f i ab le  measures o ther  than t i m e  could be  i d e n t i f i e d  
f o r  t h i s  task.  Hence, t he  informational  r e tu rn  w a s  of low value.  

3. Performance of t he  t a s k  would i n f l i c t  a se r ious  t i m e  penal ty  on t h e  t o t a l  
sess ion  t i m e .  

5.5 TWO-HAND EYE/HAND COORDINATION TASK 

5 e 5 a 1 PROCEDURE 

This t a sk  requi res  the  sub jec t  t o  perform s t eps  representa t ive  of e l e c t r o n i c  
equipment checkout and assoc ia ted  tasks .  The sub jec t  uses a probe and, upon 
command, places  it on one of t h r e e  test  poin ts ,  which are designed t o  resemble a 
m a l e  electrical connector contac t ,  a female electrical connector contac t ,  and a 
pr in ted  c i r c u i t  board so lder  j o i n t .  
device d isp lays  a two-digit number. The sub jec t  must then set  the  analog device 
t o  the  displayed number using coarse and f i n e  potentiometers. 

When contac t  is made, a d i g i t a l  d i sp l ay  

The s p e c i f i c  s t eps  are as follows: 

1. Remove test probe from panel  with l e f t  hand. 
2. Place l e f t  and r i g h t  thumbs on ready pos i t i on  pushbuttons. 
3. Observe cue l i g h t .  
4. Upon i l lumina t ion  of cue l i g h t ,  release pushbuttons and p lace  probe on 

5, 
6. 

7. 
8 .  

contac t  point  commanded. 
Observe d i g i t a l  readout while  maintaining probe on contact  point .  
With r i g h t  hand, e n t e r  d i g i t a l  va lue  i n t o  analog m e t e r  by s e t t i n g  
potentiometer., 
Press  t a s k  complete pushbutton when s a t i s f i e d  with s e t t i n g .  
Return analog m e t e r  t o  zero. 

These s t e p s  are repeated a t o t a l  of n ine  times, so  t h a t  each poin t  is  pre- 
The two-digit numbers are randomly se l ec t ed  sub jec t  t o  two sented th ree  t i m e s .  

conditions: 



5 5 1 PROCEDURE (Continued) 

1, t h e  numbers must be odd, so  t h a t  the subjec t  is required t o  make an 
in t e rpo la t ion  on the  analog meter which is  scored a t  even-numbered 
i n t e r v a l s  ; 

2, t he  numbers must be such t h a t  task-time comparisons across  contac t  po in ts  
are va l id .  This is accomplished by requi r ing  t h a t ,  f o r  any succession of 
t h ree  tr ials on the  same test point ,  t h e  th ree  numbers w i l l  t o t a l  t o  149. 
This corresponds t o  a t o t a l  of 1-1f2 sweeps over t he  e n t i r e  range of t he  
analog meter. 

One add i t iona l  parameter i s  a l t e r e d  during t h i s  task :  access condi t ion.  
Nine tr ials are performed with no access r e s t r i c t i o n s ,  as described above. A 
limiting-access panel  is then installed which restricts t h e  sub jec t ' s  v i s u a l  f i e l d  
and arm movements. Nine t r ia l s  are then performed exac t ly  as descr ibed above. 

I n  a l l  tr ials f o r  t h i s  task ,  t he  subjec t  is  expected t o  maintain a f i rm con- 
tact  with the  test  point .  Broken contac ts  a r e  ind ica ted  by an audi tory  s igna l .  

5.5.2 MEASURES 

The da ta  taken f o r  t h i s  task  provide measures of speed and accuracy. T r i a l  
t i m e  is t h e  elapsed t i m e  from s t e p s  4-7 above. A s  noted, t r i a l  time is s i g n i f i c a n t  
only when the  t i m e s  f o r  t h ree  successive trials of t h e  same test poin t  are combined, 

A measure of response t i m e  is a l s o  taken. Response t i m e  is here  defined as 
the  time from t h e  onset  of t h e  cue l i g h t  t o  t h e  f i r s t  contact  wi th  t h e  test poin t .  

Two measures of accuracy are recorded. The f i r s t  notes  the  a b i l i t y  of t h e  
subjec t  t o  maintain a f i rm contact  with the  test  point  by counting t h e  number of 
t i m e s  contac t  is  broken. The second compares the  two-digit command va lue  with the  
va lue  set  on the  analog meter. The absolu te  value of s e t t i n g  e r r o r  is  computed. 

A l l  of these  measures are computed and displayed such t h a t  comparisons, by 
test  poin t ,  can be  made across  access condi t ions,  r e s t r a i n t s ,  s u i t s ,  sub jec t s ,  and 
s imulat ion modes, Figure 5-1 shows the  combination of condi t ions t o  be  evaluated 
i n  the  two hand task.  

Subject ive da t a  is accumulated via  the  Questionnaire Rating Form i n  Table 5-1 
and physiological  measures, such as those l i s t e d  in  Sect ion 5,2.2, may a l s o  b e  
recorded e 

5.6 PRECISE HAND MOVEMENT TASK 

5 e 6 1 PROCEDURE 

The P rec i se  Hand Movement Task requi res  the  sub jec t  t o  perform p rec i se  hand 
movements with varying degrees of d i f f i c u l t y  and fo rce  emission requirements. 
This t a sk  does n o t  d i r e c t l y  s imulate  a spacecraf t  opera t iona l  procedure but  i t  
does r equ i r e  the  sub jec t  t o  perform a p rec i se  dynamic hand movement a t  d i f f e r e n t  
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SIMULATION MODE : 

FIGURE 5-1 TWO HAND TASK DATA MATRIX 

5.6 e 1 PROCEDURE (Continued) 

fo rce  emission levels. This type of t a sk  is  inherent  i n  many of t he  spacecraf t  
EVA/IVA opera t iona l  procedures and provides an exce l l en t  method f o r  r e l i a b l e  and 
quan t i t a t ive  evaluat ion of r e s t r a i n t  c a p a b i l i t i e s ,  s u i t  performance c h a r a c t e r i s t i c s  
and access envelopes. 

The t a s k  consists of t r ac ing  an i r r e g u l a r ,  sawtooth path with th ree  d i f f e r e n t  
tension loads on the  probe - 1.25, 2.50 and 5.00 lb s .  Constant tension loads are 
provided by the  use of Negator Springs. A s  t he  path is t raced ,  t he  tension cable  
a l s o  causes a s i g n a l  t o  be generated which is proport ional  to t he  d i s t ance  t raced .  
A separa te  contac t  c i r c u i t  between the  path and the  probe is  provided f o r  t he  top  
por t ion  of t he  path and the  bottom port ion.  Thus, i t  is  poss ib le  t o  record no t  
only the  number of contac ts  made, but  a l s o  p rec i se ly  where each contac t  is  made. 

Since response t i m e  is not  measured on t h i s  t a sk ,  no "start" cue l i g h t s  are 
provided on the  panel. Lights are provided f o r  t h e  following purposes: 

To ind ica t e  t o  t h e  sub jec t  t h a t  he  has  begun t h e  t a s k  and a t i m e r  is now 
running (ac t iva ted  by having the  sub jec t  touch a def ined poin t  wi th  t h e  
probe) 

T o  i n d i c a t e  t o  t h e  sub jec t  t h a t  he i s  i n  contac t  with the  pa th ,  e i t h e r  on 
the  top edge or  t h e  bottom edge. 
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5,6,1 PROCEDURE (Continued) 

e To i n d i c a t e  t o  t h e  sub jec t  t h a t  h e  has  reached t h e  f a r  end of t h e  pa th  
(ac t iva ted  by having t h e  sub jec t  touch a def ined point  with the  probe.) 

To i n d i c a t e  completion of t h e  t a s k  (act ivated by having the  sub jec t  touch 
a defined point  with the  probe). 

An audi tory  s i g n a l  is a l s o  used t o  i n d i c a t e  t o  t h e  sub jec t  t h a t  he is i n  contact  
with the  path edges. 

The s p e c i f i c  s t eps  performed by t h e  subjec t  are as follows: 

1. 
2. 
3. 
4, 
5. 

6. 

7. 
8 ,  
9 .  

Remove s t y l u s  from stowed loca t ion .  
I n s e r t  s t y l u s  i n  Negator Spring r ing  #l. 
Press  probe t o  switch #l. 
Note i l lumina t ion  of l i g h t  which ind ica tes  timing of t r ia l  has  commenced, 
Trace path from l e f t  t o  r i g h t  as quickly and accura te ly  as poss ib le .  
I l lumina t ion  of contact  l i g h t  and audi tory s i g n a l  i nd ica t e s  probe i n  
contact  with s ides .  
A t  end of path,  p ress  switch #2 and note  i l lumina t ion  of r i g h t  hand l i g h t  
i nd ica t ing  automatic time mark. 
Immediately trace path t o  l e f t  as quickly and accura te ly  as possible .  
A t  end of path,  p re s s  switch #13 r e s e t t i n g  a l l  l i g h t s .  
Remove probe from s t a t i c  r ing  #l and i n s e r t  i n  Negator Spring r ing  #2-  

The above s t eps  are repeated f o r  a l l  t h ree  spr ing loads.  When t h i s  is completed, 
a module removal and replacement t a sk  is  performed by reversing the  o r i en ta t ion  
of t he  p rec i se  hand movement module: 

1. R e e l  out lanyard from l e f t  sleeve. 
2 .  Attach lanyard t o  panel a t  r i g h t  s i d e  eye hook. 
3. L i f t  cam lever lock f a s t ene r s  up. 
4. 
5. Close cam leve r  lock fas teners .  

Remove panel, r o t a t e  i n  clockwise d i r ec t ion  and rep lace  i n  panel ,  

The P rec i se  Hand Movement Task is now repeated with the  module i n  the  new 
o r i en ta t ion ,  t h a t  is ,  wi th  t h e  spr ings  at the  sub jec t ’ s  r i g h t .  
of these  th ree  trials, the  module is reversed again t o  i t s  o r i g i n a l  pos i t i on ,  

A t  t h e  conclusion 

F ina l ly ,  & o f  t h e  above procedures are repeated with the  l imi t ing  access 
Thus both fhe  Two Hand Task and t h e  P rec i se  Hand Movement Task panel i n  place.  

are performed under f r e e  and r e s t r i c t e d  access condi t ions,  

5.6.2 MEASURES 

A s  with the  Two-Hand Task, t he  da ta  recorded f o r  t h i s  t a sk  provides measures 
of speed and accuracy. The bas i c  parameters recorded are as follows: 

e Tria l  T i m e ,  s p l i t  i n t o  two segments: s teps-4-6 i n  the  t r ac ing  procedure 
above, and s t e p s  6-8. This permits t i m e  comparisons f o r  t he  very 
d i f f e r e n t  psychomotor operat ions of pu l l ing  t h e  spr ing  out  versus  allowing 
t h e  spr ing  t o  p u l l  t he  arm back, 
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5,6,2 MEASURES (Continued) 

Pos i t ion  P r o f i l e  of Contacts - p r o f i l e  depic t s  where i n  the  path a con- 
tact occurs,  whether i t  is on the  top o r  bottom edge, and how long the  
contacts  last. 

These parameters permit severa l  computations leading t o  s i g n i f i c a n t  measures. 
F i r s t ,  t r i a l  t i m e  per se is a meaningful i nd ica to r  of degradation due t o  the  
l imi t ing  access envelope, as w e l l  as s u i t  and r e s t r a i n t  d i f fe rences ,  Second, t he  
absolu te  number of contacts  occurring during a t r ia l  provides a d i r e c t  measure of 
subjec t  accuracy. 
percentage of t o t a l  t r ave r se  time provides a measure of accuracy r e l a t i v e  t o  
subjec t  speed. 
"traverse t h e  path as quickly 

I n  addi t ion ,  ca lcu la t ion  of t he  t i m e  spent  i n  contact  as a 

This permits t he  non-restr ic t ing introduct ion t o  t h e  sub jec t  of 
as accurately as possible". 

A l l  of these  measures provide quan t i t a t ive ,  ob jec t ive ,  and r e l i a b l e  indica- 
t i ons  of d i f fe rences  across  the  major experimental var iab les ,  as summarized i n  
Figure 5-2, 

The only measurement taken during the  module removal/replacement aspect of 
t h i s  t a sk  is t i m e ,  measured from s t e p  1 t o  s t e p  5 i n  the  replacement sequence above. 

Subject ive da ta  from the  Questionnaire Rating Form i n  Table 5-1 and physiologica 
d a t a  ( s imi la r  t o  the measures i n  5.2.2) may a l s o  be taken. 

SIMULATION MODE : 

SUIT 
CONDITION 

ACCESS 
COND e 

MODULE 
ORIENTATION* 

RESTRAINT 

DUTCH SHOES 

VARIABLE 
FLEXIBILITY 
WAIST RESTRAINT 

VARIABLE 
FLEXIBILITY 
WAIST RESTRAINT 
& DUTCH SHOES 

ADVANCED EV 
SUIT 

APOLLO IVA 
BLOCK I1 SUIT SHIRTSLEEVE 

LIMITED FREE LIMITED FREE 
KCESS ACCESS ACCESS ACCESS 

* Module Orientat ion:  1 = Springs on sub jec t ' s  l e f t ,  

2 = Springs on subjec t ' s  r i g h t ,  

FIGURE 5-2 PRECISE HAND MOVEMENT TASK DATA MATRIX 
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5.7 FORCE EMISSION AND MODULE REPLACEMENT TASK 

5 * 7 (I 1 PROCEDURE 

This t a sk  is  designed t o  eva lua te  and quant i fy  man's a b i l i t y  t o  generate  
impulsive, sustained and p rec i se  forces  under var ious  condi t ions of r e s t r a i n t ,  
type of s u i t  and f o r c e  receiver loca t ion ,  

The th ree  types of fo rces  are defined as follows: 

Sustained - Subject exerts maximum fo rce  he can s u s t a i n  from cue-signal ON 

Impulse - Subject e x e r t s  maximum poss ib le  instantaneous fo rce  upon r e c e i p t  

P rec i se  - Subject is required t o  match a commanded fo rce  value and maintain 

t o  cue-signal OFF ( 4  seconds). 

of cue-signal ( s igna l  remains ON f o r  2 seconds), 

t h a t  va lue  u n t i l  cue-signal OFF (6 seconds). 

Forces are appl ied through a D-handle mounted v e r t i c a l l y  on the  s h a f t  of 
t he  fo rce  rece iver  module. Forces are exerted i n  s i x  d i rec t ions :  +X (Pul l ) ;  
-X (Push); +Y (Lef t ) ;  -Y (Right); +Z (Up); and -Z (Down). A panel d i r e c t l y  i n  
f r o n t  of t he  sub jec t  provides cue ind ica t ions ,  Twelve sustained and impulsive 
fo rces  are presented i n  a randomized fashion.  For each t r ia l ,  t he  sub jec t  must 
perceive t h e  cue, decide upon the  fo rce  type and fo rce  d i r ec t ion ,  and exe r t  t h e  
proper force .  The cues are presented i n  t h i s  manner i n  order t o  provide a t a s k  
i n  the  sequence requi r ing  a cogni t ive decis ion making ana lys i s  and response. 

Prec ise  fo rces  are presented i n  separa te  blocks of s i x  trials each and are 
random only with respec t  t o  d i r ec t ion ,  When a p rec i se  fo rce  is commanded, t he  
subjec t  is  a l s o  given a fo rce  value which he must match. Two d i g i t a l  readouts  
-- one f o r  t h e  commanded va lue  and one f o r  t he  required fo rce  output -- provide 
a means of comparison. The commanded fo rce  values are given i n  Table 5-2. These 
values  w e r e  se lec ted  from ana lys i s  of t he  r e s u l t s  of previous force  emission 
s tud ie s ,  i n  p a r t i c u l a r  t h e  Study f o r  t h e  Collect ion of Human Engineering Data 
- f o r  Maintenance and Repair  of Advanced Space Systems (General Electric Co., 
December 31, 1967). 
c a p a b i l i t i e s ,  y e t  s t i l l  be within the  range of f e a s i b i l i t y .  

The values  w e r e  s e l ec t ed  t o  meaningfully tax sub jec t  

The s p e c i f i c  s t eps  f o r  conducting these 18  fo rce  tr ials are as follows: 

1, R e e l  out  lanyard from r i g h t  wrist. 
2. Attach D-handle t o  lanyard from stowed loca t ion .  
3. Transfer  handle t o  fo rce  receiver. 
4 .  Attach handle t o  force  rece iver  s tud ,  
5. Disconnect lanyard. 
6. 
7 e 

8, Perform fo rce  emissions of type and d i r e c t i o n  as indicated.  Ready l i g h t  

Request f o r c e  receiver and cue panel power on. 
Grasp D-handle and prepare f o r  cue. 

w i l l  i nd ica t e  cue panel l i g h t s  w i l l  provide information i n  2-4 seconds. 
When cue l i g h t s  go ou t ,  t r i a l  is  complete. 
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TABLE 5-2 COMMANDED PRECISE FORCE VALUES 

FXSTRAINT : WAIST & SHOE 

18.0 

18.0 

11.0 

11.0 

24.0 

24,O 

5,7.1 PROCEDURE (Continued) 

A t  the  conclusion of these  s t eps ,  t he  fo rce  receiver i s  moved t o  a new 
pos i t i on  i n  t h e  upper r i g h t  quadrant of t h e  s u b j e c t ' s  reach envelope. 
cons t i t u t e s  a module removal/replacement task .  

This  t a s k  
The s t eps  are: 

1. 
2. 
3, 
4,  
5. 
6. 
7, 

8. 
9 ,  

10 e 

11. 
1 2  P 
13 e 

14 e 

Request panel  power o f f ,  
Attach lanyard t o  D-handle. 
Reel out  lanyard from l e f t  w r i s t ,  
Transfer  t o  t o o l  k i t  and a t t a c h  t o  r a t c h e t  wrench. 
Connect wrench t o  socket .  
Transfer  wrench t o  fo rce  rece iver .  
Remove capt ive  b o l t s  i n  each corner s t a r t i n g  a t  top r i g h t  and going 
clockwise. 
P u l l  ou t  module and t r a n s f e r  t o  upper r i g h t  loca t ion ,  
I n s t a l l  module and i n s e r t  cap t ive  b o l t s  3y hand s t a r t i n g  a t  top r i g h t  
and going clockwise, 
Using wrench, t i gh ten  b o l t s  i n  each corner s t a r t i n g  a t  top r i g h t  and 
going clockwise, 
Restrain wrench a t  l e f t  tie-down on s u i t  s leeve.  
Disconnect lanyard from D-handle and allow lanyard t o  reel up. 
Request panel power on. 
Grasp D-handle and prepare f o r  cue, 

The fo rce  emission t a sk  is  now repeated a t  t h i s  new loca t ion ,  Thus, t he  
force  emission task comprises th ree  fo rce  types and s i x  fo rce  d i r ec t ions  per- 
formed i n  two separa te  pos i t ions  across  the  major experiment va r i ab le s ,  
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5.7.2 MEASURES 

Analog p r o f i l e s  of t h e  forces  exer ted i n  a l l  d i r ec t ions  are recorded f o r  
every tr ial .  
the  sub jec t ' s  fo rce  emission capab i l i t y ,  FOK sustained-type forces ,  two parameters 
are calculated.  M I N  descr ibes  t h e  minimum force  which t h e  sub jec t  exerts over t h e  
l as t  two seconds of t h e  four-second sustained fo rce  s igna l .  Analysis of t h e  fo rce  
exerted over t he  l a s t  two seconds of t he  t r i a l  insures  t h a t  t he  sub jec t  has had 
s u f f i c i e n t  t i m e  t o  reach h i s  maximum f o r c e  output level. Therefore, a MIN reading 
during the  rise t i m e  of t he  force  p r o f i l e  is precluded. FIN descr ibes  the  fo rce  
value which the  sub jec t  is maintaining a t  the i n s t a n t  t h e  cue s i g n a l  goes out ,  o r  
a f t e r  4 seconds of maximum force  emission. 
d i f f e r e n t  i n t e r p r e t a t i o n s  of a s u b j e c t ' s  a b i l i t y  t o  "sustain" a force.  

These p r o f i l e s  are used t o  def ine  seve ra l  measures which descr ibe  

Both of these  parameters provide 

For impulse-type fo rces ,  MAX descr ibes  the maximum fo rce  which t h e  subjec t  
e m i t s  i n  response t o  the  two-second impulsive fo rce  cue s igna l .  
t he  two seconds following the  cue s i g n a l  w i l l  be analyzed t o  in su re  reading the  
m a x i m u m  fo rce  f o r  t h e  slower responses. 

I n  addi t ion  

When reducing p rec i se  force  da t a ,  s i x  readings over t he  last 2.5 seconds of 
the  6-sec. p r o f i l e  are taken. These readings are averaged, and the  mean is  com- 
pared t o  t h e  commanded value. The absolu te  value of t he  deviatiorl from the  
command provides the  des i red  measure of accuracy. 

Two time measures are a l s o  used t o  descr ibe  the  fo rce  emission process. The 
f i r s t  is a response time which is ca lcu la ted  by determining the  t i m e  from cue- 
s i g i a l  ON u n t i l  an inc rease  i n  fo rce  p r o f i l e  of 3 pounds is noted €or  both the  
impulse and sustained fo rce  case. 
occurs i n  the  impulse type  force  trials. 

The second is t h e  t i m e  a t  which the  peak fo rce  

Figure 5-3 presents  t h e  combination of condi t ions t o  be evaluated, 

The only measure taken during the  fo rce  rece iver  module removal/replacement 
is t a s k  t i m e ,  which is measured from s t eps  3 t o  12 i n  the  replacement sequence 
above a 

Subject ive d a t a  from t h e  Questionnaire Rating Form i n  Table 5-1 and 
physiological  da t a  (similar t o  the  measures i n  5,2.2) may a l s o  be taken. 

5.8 TORQUE EMISSION TASK 

5 e 8 e 1 

t o  use t o o l s  t o  exe r t  fo rces  of var ious magnitudes. 
evaluate  and quant i fy  man's a b i l i t y  t o  generate  impulsive and sustained forces  
u t i l i z i n g  too l s  under var ious  condi t ions of res t ra int ,  type of s u i t  and loca t ion  
of fo rce  rece iver .  

PROCEDURE 

During space f l igh t  maintenance and r e p a i r  operat ions,  man w i l l  be required 
This task  i s  designed t o  

The condi t ions evaluated are similar t o  those i n  t h e  Force Emission Task 
and Figure 5-3 a l s o  summarizes t h e  condi t ions f o r  t h i s  task ,  
are sus ta ined ,  impulse and p rec i se  and are defined as before. 

The torque types 
Two pos i t ions  are 
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SIMULATION MODE: 

CONDITIONS 

DUTCH 
SHOES 

VARIABLE 
FLEXIBILITY 

WAIST RESTRAINT 

VARIABLE 
FLEXIBILITY 

WAIST RESTRAINT 
AND DUTCH SHOES 

FIGURE 5-3 FORCE EMISSION TASK DATA MATRIX 

5 .8 , l  PROCEDURE (Continued) 

again evaluated -- a center  pos i t i on  and a pos i t i on  i n  the lower l e f t  por t ion  of 
t he  sub jec t ' s  reach envelope. 
w i s e  and counterclockwise about the  fo rce  receiver center s h a f t ,  

Only two torque d i r ec t ions  are evaluated--clock- 

Two d i f f e r e n t  t oo l s  are used f o r  torque emissions. One is  an L-handle 
wrench which allows the  sub jec t  t o  exe r t  a t r u e  torquing force.  
T-handle wrench which r equ i r e s  the  sub jec t  t o  exer t  a tors ion- l ike  motion. 

The o ther  is  a 

Precise torques are performed similar t o  p rec i se  forces .  The commanded 
values  used are presented i n  Table 5-3 ,  

The step-by-step procedure used f o r  t he  torque emission task  is as follows: 

1. 
2, 
3.  
4 ,  
5, 
6. 
7. 
8, 
9 ,  

10 0 

R e e l  ou t  lanyard from r i g h t  w r i s t ,  
Attach lanyard t o  L-handle wrench, 
Attach L-handle wrench t o  fo rce  receiver socket. 
Transfer  t o  fo rce  receiver and connect socket/wrench to s tud ,  
Grasp wrench and observe cue panel  f o r  fo rce  information, 
Upon onset  of go l i g h t  exe r t  torque as spec i f ied .  
Repeat f o r  a t o t a l  of 6 trials. 
Disconnect wrench and socket  from fo rce  receiver, 
Return t o  t o o l  box. 
Disconnect lanyard from wrench and a t t a c h  t o  T-handle, 
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TABLE 5-3 COMMANDED PRECISE TORQUE VALUES 

T-HANDLE 

cw 

ccw 

RATCHET 

cw 

ccw 

25.0 In.-Lb, 25.0 

25.0 25.0 

60.0 In.-Lb. 120 e 0 

60.0 120 0 0 

WAIST & SHOES 

25.0 

25.0 

144 ., 0 

144,O 

5 8.1 PROCEDURE (Continued) 

11. Transfer  t o  force  receiver .  
12. Attach T-handle t o  fo rce  rece iver  s tud.  
13. Grasp T-handle and observe cue panel f o r  force  information. 
14. Upon onset  of cue l i g h t  exert fo rce  as spec i f ied .  
15. Repeat f o r  a t o t a l  of 6 t i m e s .  

5.8.2 MEASURES 

Measures f o r  t he  torque emission task  are bas i ca l ly  the  same as those  
recorded f o r  the  force  emission t a sk  and described i n  5.7.2 above. 
d i f fe rence  is t h a t  response t i m e  is not computed f o r  the torque task.  

5 8.3 

The only 

FORCE/TORQUE EMISSION TASKS PROTOCOL 

Figure 5-4 presents  a copy of a computer generated procedure f o r  performing 
the fo rce  and torque emission task.  This print-out is  presented here  because 
it r e f l e c t s  important procedural s t e p s  t h a t  cannot be discussed within e i t h e r  
task  separately.  

The fo rce  and torque protocol  is the  r e s u l t  of random combinations of t h e  
t a sk  parameters. The two tasks ,  force  and torque tasks ,  are performed ran- 
domly in so fa r  as i s  poss ib le  without adding ser ious  t i m e  pena l t i e s  t o  the ove ra l l  
t ask  sequence. 
of randomization. F i r s t ,  only two sequences of force l torque  combinations are 
acceptable.  These sequences are as follows: 

This cons t r a in t  r e s u l t s  i n  s eve ra l  l i m i t a t i o n s  upon the  process 
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FIGURE 5-4, FORCE/TORQUE TASK PROTOCOL 
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5,8,3 FORCE/TORQUE EMISSION TASKS PROTOCOL (Continued) 

SEQUENCE 1 SEQUENCE 2 

- Task Pos i t i on  - Task Pos i t ion  

Forces Center Torques Center 
Torques Center Forces Center 
Forces Upper Right Torques Lower Le f t  
Torques Lower Le f t  Forces Upper Right 

These sequences minimize force  receiver module movements and a l s o  prevsnt  
f a t igue  e f f e c t s  r e s u l t i n g  from back-to-back force  (on torque) emissions a t  two 
d i f f e r e n t  pos i t ions .  
cen ter  pos i t i on ,  but i n  t h e  upper r i g h t  pos i t i on  onlyl forces  are performed and 
i n  the lower l e f t  pos i t i on  torques are performed. Idea l ly ,  of course, one 
would l i k e  t o  evaluate  forces  and torques i n  var ious pos i t ions  i n  the  reach 
envelope, b u t  t i m e  cons t r a in t s  l i m i t  eva lua t ion  t o  the cur ren t  s t ruc tu re .  

Note t h a t  both fo rces  and torques are performed a t  the  

Addit ional  cons t r a in t s  on randomization of va r i ab le s  a l s o  e x i s t  within the  
fo rce  t a s k  and within t h e  torque task.  During fo rce  emissions, response t i m e  
is  measured f o r  sustained and impulse fo rce  trials. Thus, p rec ise  fo rces  are 
performed i n  a block independent of t h e  sus ta ined  and impulse t r i a l s ,  and may 
occur, with equal probabi l i ty ,  e i t h e r  a t  the  beginning o r  the  end of a series 
of fo rce  tr ials.  During torque tr ials,  s ince  response t i m e  is not recorded, 
t he  sustained,  impulse and p rec i se  t r ia l s  are randomly combined. However, t h e  
two d i f f e r e n t  t oo l s  are s p l i t  i n t o  blocks of six t r ia ls  each, s ince  i t  would 
no t  be p r a c t i c a l  t o  change too l s  on every t r ia l .  The L-handle o r  t h e  T-handle 
wrench may occur f i r s t ,  a t  a given pos i t ion ,  with equal probabi l i ty .  

Force receiver module removalireplacement i s  accomplished when it is  
necessary t o  change the  module from one pos i t i on  t o  another  f o r  a new series 
of trials. 

5.9 OPERATIONAL MAINTENANCE TASK 

5 9 a 1 PROCEDURE 

The Operational Maintenance Task r equ i r e s  the  sub jec t  t o  remove and replace 
The t a sk  

This switch causes a 
a component from a gas plumbing system when the  assembly has “ fa i l ed” .  
is ac t iva t ed  by a con t ro l  switch on the  observer’s  panel. 
solenoid valve on the  t a s k  panel t o  opera te  which r e s u l t s  i n  dumping the  pressure 
i n  the  system, A meter on the panel  w i l l  i nd ica t e  the  pressure drop, and a 
warning s i g n a l  - cons is t ing  of a f l a sh ing  l i g h t  and an audi tory alarm - w i l l  be 
ac t iva t ed ,  The subjec t  is expected t o  recognize the  f a i l u r e  and proceed with 
the  co r rec t ive  ac t ion .  

The s p e c i f i c  s t eps  required are as follows: 

1. Observe onset  of f l a sh ing  l i g h t  and audio alarm, 
2, Turn off l i g h t  and a l a r m .  
3 .  R e e l  out  lanyard from r i g h t  w r i s t  and a t t a c h  t o  T-handle, 
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5 9 1 PROCEDURE (Continued) 

4. 
5.  
6, 
7. 
8. 
9. 

10  * 
11 D 
1 2  * 
13 
14  
15  a 

16 e 

1 7  e 

18 e 
19 e 

20. 
21. 
22 * 

Obtain T-handle wrench from t o o l  k i t ,  
R e e l  out  lanyard from l e f t  wr i s t .  
Attach t o  component. 
Release allen-head n u t s  t h a t  hold component i n  place. 
Allow T-handle wrench lanyard t o  reel up. 
R e e l  ou t  lanyard from w a i s t  and a t t a c h  t o  open-end wrench i n  t o o l  k i t .  
Remove open-end wrench from t o o l  k i t .  
Release hex f a s t e n e r  on component. 
Remove component, 
Return t o  t o o l  k i t  I I  

Release lanyard. 
Attach lanyard t o  new component. 
Remove new component from t o o l  k i t .  
Using wrench t i gh ten  n u t s  ~ 

Rest ra in  wrench temporar i ly  a t  s u i t  tie-down. 
Pressur ize  system t o  1 0  ps ig  using manual pump. 
Return wrenches t o  t o o l  k i t .  
Disconnect lanyard from component t o  allow t o  reel up. 
Disconnect t o o l  lanyards  and allow t o  reel up. 

5.9.2 MEASURES 

The bas i c  measure accumulated i n  t h i s  t a s k  is  t a sk  t i m e  from s t e p s  7 t o  19 
Subject ive da t a  from t h e  Questionnaire Rating Form i n  Table 5-1 and above. 

physiological  d a t a  (such as t h e  measures of 5.2.2) may a l s o  be  co l lec ted .  

5.10 CONCLUDING TASK 

The remainder of t he  t a s k  sequence was  designed t o  s imula te  required opera t ions  
t h a t  would successfu l ly  conclude any EVA/IVA task.  
t o  r e tu rn  t h e  cover t o  t h e  Task Panel  and i n s t a l l  it. When t h i s  is completed, t h e  
sub jec t  removes h i s  personal  r e s t r a i n t s ,  f a s t ens  them t o  lanyards and t o  s u i t  t ie-  
down, and leaves the  worksi te ,  

Thus, t h e  sub jec t  is  required 

These t a sks  w e r e  found t o  be  e spec ia l ly  time consuming and were performed 
only i n  1-G and i n  p a r t s  of t h e  6 DOF simulation. 
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SECTION 6 

DATA COLLECTION ACTIVITIES 

! 

Four ground-based simulation techniques were utilized to collect the data 
required to satisfy the objectives of the experiment. 
three zero-gravity simulation methods as well as performance of the experiment 
in the one-gravity environment. For ease of writing, the one-gravity data 
collection is also considered to be a ground-based simulation technique. 

These techniques involved 

The one-g and neutral buoyancy simulations were performed at the Controlled 
Buoyancy Facility, located at the General Electric Space Division Complex at 
King of Prussia, Pennsylvania. The 6 Degree-of-Freedom mechanical simulations 
were performed at the NASA, Marshall Space Flight Center utilizing the.Action- 
Reaction Free Fall Simulator, The final mode of zero-gravity simulation was the 
Keplerian Trajectories performed in the KC-135 aircraft supplied by the Aeronauti- 
cal Systems Division at Wright-Patterson Air Force Base, Dayton, Ohio. 

The following paragraphs in this section describe the details of the data 
collection activities and instrumentation and data recording equipment associated 
with each of the simulation modes. 

6,l INSTRUMENTATION AND DATA RECORDING 

The instrumentation for the ground-based data collection effort was designed 
to provide a permanent record of the data gathered during the test programs and 
provide the capability for data reduction and analysis on a non-real time basis. 
Figure 6-1 illustrates the test set-up used in all four simulation test modes. 

The signal conditioning equipment contained in the Electronics Box was 
described in Section 4.2,9. 
between the Electronics Box and the data collection and recording equipment, 

The equipment described here provided the interface 

An eight-channel oscillographic recorder (Brush Mark 200) was used for data 
recording, since no more than ei.ght signals were necessary for display or recording 
during any one task. 
changed the signal inputs to the recorder by using small patch boards which could 
quickly and easily be changed during subject rest periods, 
situated in close proximity to the test director to provide a real-time display 
of the operational status of all telemetry signals, 

Depending on the cask being performed, the test director 

The recorder was 

The Brush Mark 200 recorder was not suitable for use aboard the KC-135 0-g 
aircraft. Hence, for that mode only, a GFE, 24-channel Visicorder was used. 
Since that recorder tends to overlap signals, all redundant signals were eliminated 
from the display, 

Figures 6-2 through 6-6 illustrate typical traces of the telemetry signals 
The last three figures only show examples of force task obtained for all tasks, 

telemetry, The torque task signals are exactly the same except that the clockwise 
And counterclockwisc signals are displayed instead of the +X, +u, and IfiZ outputs. 

Figure 6-2, describes the data collected for the Two-Hand Task, Six channels 
were utilized for recording the subjects performance. 
volt signal whose magnitude identified which test point was used and whose dura- 
tion determined total trial time, 

Channel 1 provided a 0-5 

Channel 2 provided a 0-5 volt signal whose 
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TRIAL START (BY ,OBSERVER) TRIAL END (BY SUBJECT) 

SIGNAI, 

1. T e s t  P o i n t  
Command/ 
T r i a l  
Durat ion 

2. DVM Inpu t  
~ Value 

3.  S's  Voltmeter 
S e t t i n g  

4.  TP Contact 
Number 
( W  of Contact 
Breaks) 

5. TP Contact 
Duiat  i o n  
(I.E. Dura- 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 

5v 
VOLTAGE MAGNITUDE = TP 3 

3 ,  ._ - -.- I--___ 

.8v -E TP1 
1.28V = TP2 
2.56V = TP3 

---_I 

TRIAL 
TIME 

2 
1 

5v 
4 
3 
2 
1 
0- r 
5v (Ist 
4 
3 
2 S 

"X" is  a 2-digi t  
va lue ,  always odd. 
S igna l  "OFF" when- 
ever con tac t  i s  

x = 67 99 
n broken. 

I I I 

Sample f o r  .5 sec 
t o  o b t a i n  va lue .  

begins  t o  a d j u s t  .c /-"? S y e s e t s  meter t o  

con tac t  made 

- 
...--'- s completes 

ad j us tment 
1 m e t e r  

0 
1_-1- 

5v 
4 
3 

Each 15V pu l se  = 
one con tac t  break. 

- . . ~  

When s a t u r a t i o n  
occur s ,  o b t a i n  
d u r a t i o n  from 

t i o n  of Breaks) 2 
1 .3v = ,120 sec. 
0 -I_ iz_/L- 

width.  

i_ 
- - -  . - - - - .  - _-___--. - ______-_ 6. Sub jec t  15V 

S t a r t  Task 10  

0- 1st con tac t  made 

FIGURE 6-2 TWO-HAND COORDINATION TASK TELEMETRY 
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6,l INSTRUMENTATION AND DATA RECORDING (Continued) 

magnitude identified the value of the two-digit (0-99) input to be displayed to 
and matched by the test subject, Channel 3 provided a 0-5 volt trace history of 
the subjects matching of the digitally displayed value on the vernier display, 
Channel 4 provided a 15 volt signal whenever the subject broke contact with the 
test point during the conduct of a trial, 
whose slope was 2.5 voltslsecond, used to record the contact break time. 
6 provided a 15 volt signal which was used to record the duration of the trial. 

Channel 5 provided a 0-5 volt signal, 
Channel 

Figure 6-3 describes the data collected for the Precise Hand Movement Task. 
Eight channels were utilized for recording the data. Channels 1, 2 and 3 provided 
a 0-5 volt trace, for each of the three spring tensions, whose slope and magnitude 
indicated the subjects' traversal rate and location on the path, respectively. 
Channel 4 provided a 0-5 volt full-scale pulse during traversal time in one direc- 
tion and a half full scale pulse during traversal time back to the starting point, 
Channels 5 and 7 provided full scale, 0-15 volt, pulse whenever a contact was 
made with the top or bottom edge of the traversal path,, Channels 6 and 8 provided 
0-5 volt traces whose magnitude and slope indicated the top and bottom contact 
durations, respectively. 

Figures 6-4, 6-5, and 6-6 describe the data collected for the Force/Torque 
Emission Task Sustained, Impulse and Precise force trials respectively. Channel 
1 in all cases provided a 0-5 volt signal whose magnitude identified the required 
force direction and whose duration identified the force type, Channel 2 provided 
a 0-5 volt signal whose magnitude identified the value of the commanded precise 
force to be matched by the subject. This channel was inactive during the sustained 
and impulsive forces. 
profile in each of the six possible directions of +X, LY and 22. 
the force,profiles indicated the amount and the duration of the force being exerted 
in the commanded direction, 

Channels 3 through 8 provided a 0-5 volt trace of the force 
The magnitude of 

6-2 ONE-G DATA COLLECTION ACTIVITIES 

The one-g test series was conducted at the GE Valley Forge Facility. In order 
to utilize the same instrumentation and recording equipment as the neutral buoyancy 
tests, the one-g testing was done adjacent to the Controlled Buoyancy Facility. 
The task panel was attached to an adaptor plate which was mounted to a structural 
I-beam in the wall. 
a platform as shown on Figure 6-7. 

The foot restraint was attached in a similar fashion by using 

The total experiment required the performance of 36 sessions to complete the 
condition embinations of restraints, suits, subjects and replications, The one-g 
testing reduced the 36 sessions to 24 because the waist restraint only condition 
was impossible in this mode. The 24 remaining sessions evaluated two restraint 
conditions (shoes only and waist and shoes), 3 suited conditions(Shirtsleeve, 
Apollo Suit, and Litton (AES) suit), and 2 subjects with each condition replicated, 
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FIGURE 6-7 ONE-G TEST SETUP 

6,2 ONE-G DATA COLLECTION ACTIVITIES (Cont inued)  

The t e s t i n g  d e v i a t e d  from t h e  a c t u a l  EVA c o n d i t i o n  i n  t h a t  t h e  f o l l o w i n g  
i t e m s  w e r e  n o t  a v a i l a b l e  f o r  e v a l u a t i o n  i n  t h e  s u i t e d  c o n d i t i o n :  

o EVVA ( E x t r a v e h i c u l a r  V i so r  Assembly) 
o EV Gloves 
o PLSS ( P o r t a b l e  L i f e  Suppor t  System) 
o LCG (L iqu id  Cool ing  Garment) 

The s u i t s  used w e r e  an  A6L, Medium Long and an  A7L, Large  Long., The L i t t o n  
Advanced E x t r a v e h i c u l a r  S u i t  w a s  comparable  i n  s i z e  t o  t h e  Apol lo ,  Large  Long 
and had enough b u i l t  i n  ad jus tmen t  c a p a b i l i t y  t o  accommodate t h e  s u b j e c t  who wore 
t h e  A6L s u i t ,  

The p r e s s u r i z a t i o n  sys tem f o r  t h e  s u i t e d  o p e r a t i o n s  i s  shown on F i g u r e  6-8 
and c o n s i s t s  of t h e  a i r b a n k ,  2 s t a g e  r e g u l a t o r  and AAP c o n t r o l l e r  which varies t h e  
p r e s s u r e  and f low rate w i t h i n  t h e  s u i t .  
t a i n e d  a t  3.5 p s i  and t h e  f low rate a t  10 cfm minimum, 

During t e s t i n g  t h e  p r e s s u r e  w a s  main- 

Two-way c o m u n i c a t i o n  between t h e  test  d i r e c t o r  and t h e  s u b j e c t  w a s  a v a i l a b l e  

A buzze r  w a s  a l s o  connec ted  between t h e  t a s k  p a n e l  and 
It would i n d i c a t e  when c o n t a c t  w a s  broken  on t h e  Two-Hand Task, when 

by u t i l i z i n g  t h e  communications c a r r i e r  i n  t h e  s u i t e d  c o n d i t i o n  and a h e a d s e t  i n  
t h e  s h i r t s l e e v e  c o n d i t i o n ,  
t h e  s u b j e c t ,  
c o n t a c t  w a s  made w i t h  t h e  p a t h  of  t h e  P r e c i s e  Hand Movement Task o r  when a p res -  
s u r e  drop  developed i n  t h e  O p e r a t i o n a l  Maintenance Task, 
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6,2 ONE-G DATA COLLECTION ACTIVITIES (Continued) 

Data co l l ec t ion  during t h e  one-g t e s t i n g  w a s  accomplished by recording t h e  
outputs  of t he  t a sk  panel  as described i n  para, 6.1, Comments appl icable  t o  the  
test w e r e  i d e n t i f i e d  on the  char t  paper, and a l s o  logged i n  the  se s s ion  ins t ruc-  
t i o n  sheets .  
framesjsec, 

Photographic da ta  w a s  co l lec ted  using a Mauer 16 mm camera a t  8 

Support personnel a s s i s t i n g  i n  the  experiment included a s u i t  technician and 
nurse, The s u i t  t echnic ian  w a s  responsible  f o r  a s s i s t i n g  the  sub jec t  i n  donning 
and doff ing the  s u i t s ,  and a l so ,  monitoring the  p re s su r i za t ion  system during the  
test sess ions .  A s  a s a f e t y  precaution, a nurse t r a ined  i n  hyperbaric  medicine 
was on-site during a l l  pressure  su i t ed  operat ions,  and a hyperbaric chamber w a s  
ava i l ab le  a t  t he  f a c i l i t y .  

6,3 ACTION-REACTION FREE-FALL SIMULATOR (6 DEGREES-OF-FREEDOM) 

This test series w a s  performed a t  the  Marshall Space F l ight  Center, Huntsvi l le ,  
Alabama. The act ion-react ion f r ee - f a l l  s imulator  (Figure 6-9) w a s  developed by 
the  Manufacturing Engineering Laboratory a t  MSFC f o r  t h e  purpose of determining 
the  design i n t e g r i t y  of space-oriented equipment, Natural ly ,  t h i s  s imulator  cannot 
prevent t he  test sub jec t  from fee l ing  t h e  g r a v i t a t i o n a l  p u l l  as it forces  him 
aga ins t  t he  harness s t r a p s ,  I n  order  t o  s imulate  a be l ievable  zero g rav i ty  condi- 
t i on ,  t he  test subjec t  and the  s imulator  must be considered as one en t i t y .  I n  t h i s  
way, t he  s ix  degree-of-freedom, act ion-react ion,  zero g rav i ty  phenomena can be 
observed. 

The Task Panel and t h e  Foot Res t r a in t  platform were mounted t o  a frame s t ruc-  
t u r e  made ava i l ab le  a t  t h e  f a c i l i t y ,  
modif icat ion t o  accommodate the  t a s k  panel, which a t  the  t i m e  w a s  expedient, i t  
would have been des i r ab le  t o  have a more r i g i d ,  s t a b l e  mounting platform. 

Although t h i s  s t r u c t u r e  required l i t t l e  

The number of tests planned i n  t h e  6 Degree-of-Freedom mode w a s  minimized by 
el iminat ing the  r e p l i c a t i o n  of each session.  
p lan  from 36 t o  18 sess ions ,  thus c o l l e c t i n g  data  on 2 subjec ts  across  3 s u i t s  
across  3 r e s t r a i n t s ,  Further  reduct ion of the  test plan w a s  l a t e r  r ea l i zed  when 
t h e  AES s u i t  would no t  conform t o  the  s imulator  harness  assembly (Figure 6-10). 
The major problem area w a s  t h e  cycle  seat, which would not  permit the  l e g s  t o  
come together ,  thereby e l imina t ing  t h e  opportunity t o  u t i l i z e  the  shoe r e s t r a i n t  
(Figure 6-11)* 
only condi t ion were aborted because of t h e  r i s k  of damaging the  s u i t ,  
t he  f u l l  p o t e n t i a l  of t he  s u i t  could not  be r ea l i zed  because of t h e  harness  and 
w a i s t  r e s t r a i n t  r e s t r i c t i n g  the  s u i t  mobil i ty  as shown i n  Figures 6-12 and 6-13, 

This e f f e c t i v e l y  reduced t h e  test  

Further  a t tempts  a t  t ry ing  t o  c o l l e c t  da t a  i n  the  w a i s t  restraint 
I n  addi t ion ,  

The e f f e c t  of g r a v i t a t i o n a l  forces  on per iphera l  equipment such as the  force  
rece iver ,  f o o t  r e s t r a i n t ,  hand r e s t r a i n t  and cover a f f ec t ed  the  balance of the 
system and tended t o  tilt the  subjec ts ,  Therefore, t h i s  equipment had t o  be 
handled by an a s s i s t a n t ,  
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FIGURE 6-11 AES SUIT IN 6 DOF SIMULATOR 

FIGURE 6-12 WAIST RESTRAIMT/HARNESS RESTRICTION 
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FIGURE 6-13 SHOULDER MOBILITY RESTRICTION 

6.3 ACTION-REACTION FREE-FALL SIMULATOR (6 DEGREE-OF-FREEDOM) (Continued) 

During this test series, a Liquid Cooling Garment (LCG) was used in all the 
pressure suited sessions and was a definite factor in reducing fatigue and adding 
to the comfort of the subjects, 

The pressurization system was essentially the same as in the one-g mode with 
the exception of the air source. 
then filtered until it was certified as breathing air. 

The air was tapped from the shop air supply, and 

The communication system utilized the communication carrier in the pressure 
suited mode, but in the shirtsleeve mode the subjects were required to wear pro- 
tective helmets that would not accommodate the headset used in the one-g test 
series, Although this eliminated the interconnecting warning buzzer, voice com- 
munication between Test Director and subject was audible and no difficulty was 
encountered in conducting the test. 

Data collection and film coverage during this series was identical to the 
one-g simulation, 

Support personnel included a suit technician to assist the test subject, a 
simulator technician to aid in adjusting, balancing and operating the simulator 
and a medical office representative who was present, or on call, during the pres- 
surized suit tests, 
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6,4 NEUTRAL BUOYANCY 

The f a c i l i t y  used f o r  the  conduct of the  n e u t r a l  buoyancy simulation por t ion  
of t h e  experiments is  a p a r t  of t h e  General Electr ic  Space Division Complex 
located a t  King of Prussia ,  Pennsylvania. The f a c i l i t y  i s  designated t h e  Con- 
t r o l l e d  Buoyancy F a c i l i t y  and cons i s t s  of t h e  pool area, locker  and shower rooms, 
experiment preparat ion area, pressure s u i t  s torage  and drying area, experiment 
cont ro l  area, med ica l / f i r s t  a i d  area, and per iphera l  pool support equipment and 
shops 

The pool area, Figure 6-14, i s  i n  an environmentally cont ro l led  room which 
maintains ambient temperature a t  85OF 5 1°F. The pool i s  60 f t .  long, 28 f t .  
wide, and 25 f t ,  deep throughout. Two 25 foo t  ladders  a f fo rd  personnel access t o  
the pool with a 4 f t ,  by 6 f t ,  entrance platform located a t  one end adjacent  t o  a 
ladder  a t  4 f e e t  below the water surface.  A t  approximately 15 f t ,  below surface,  
another 10 f t .  by 1 2  f t .  platform i s  loca ted  f o r  conducting experiments which do 
not  requi re  t h e  f u l l  25 foot  depth,, 
temperature between 60°F and 100OF. 
diatomaceous ea r th  f i l t e r  system and pu r i f i ed  by a ch lor ine1  bromine system which 
maintains pool c l a r i t y  and p u r i t y  a t  an extremely high degree. The bas i c  concept 
of n e u t r a l  buoyancy involves t h e  establishment of a buoyant force  equal t o  t h e  
weight of t he  subjec t  (plus  pressure s u i t ) ,  wi th  the  center  of buoyancy eoincidin; 
with t h e  center  of grav i ty  t o  preclude o r  reduce any o r i en ta t iona l  bias .  When 
t h i s  state i s  achieved, a reasonable simulation of zero-g r eac t ion  dynamics i s  
possible .  

The pool water can be cont ro l led  a t  any 
The water is  continuously f i l t e r e d  by a 

FIGURE 6-14 CONTROLLED BUOYANCY FACILITY 
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6,4 NEUTRAL BUOYANCY (Continued) 

The Task Panel w a s  mounted on a 12' x 12' panel t h a t  w a s  i n s t a l l e d  i n  the  
An overhead h o i s t  

The t a s k  panel w a s  in- 
pool via a t r a c k  which w a s  a f f ixed  t o  t h e  s i d e  of t h e  pool, 
w a s  used t o  lower the  panel i n t o  the  water o r  remove it ,  
s t a l l e d  i n  the  pool a t -a  depth of 10 f t ,  below the  w a t e r  sur face  le ie l ,  Figure 
6-15 

The test plan f o r  t h e  n e u t r a l  buoyancy t e s t i n g  w a s  revised i n  the following 
manner, By el iminat ing the  Apollo A7L s u i t ,  from the  underwater a c t i v i t i e s ,  the  
neu t r a l  buoyancy test  p lan  w a s  reduced from 36 sess ions  t o  24 sessions.  Further 
reduction i n  the  test p lan  resu l ted  from delays associated with equipment and 
pressure s u i t  f a i l u r e s  and subject  i l l n e s s  during t h e  underwater por t ion  of t he  
program. The Task Panel i s  the  most i n t r i c a t e  equipment ever operated i n  the  
G.E. underwater f a c i l i t y ,  consequently, unforeseen problems developed which w e r e  
resolved but  without undue l o s s  of valuable  t e s t i n g  t i m e .  
used throughout t he  tes t  program developed an  ear in fec t ion  and w a s  r e s t r i c t e d  
from underwater act ivi t ies  f o r  several days, The f a i l u r e  of the  Advanced Extra- 
vehicular S u i t  r e su l t ed  from a l eak  i n  t h e  connector of the  s u i t  e lectr ical  harness.  
Upon inves t iga t ion ,  i t  w a s  evident t h a t  t he  wrong O-ring w a s  used i n  sea l ing  t h e  
connector t o  the  s u i t  torso,  
water n e u t r a l  buoyancy mode before  terminating the program, 

One of the  two subjec ts  

A t o t a l  of 15 sess ions  were completed i n  the  under- 

FIGURE 6-15 NEUTRAL BUOYANCY SIMULATION TEST SETUP 
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6 4 NEUTRAL BUOYANCY (Continued) 

The p res su r i za t ion  system (Figure 6-16) f o r  t h e  n e u t r a l  buoyancy s imulat ion 
program cons is ted  of t h e  a i r  bank, 2 s t age  regula tor ,  backpack, sur face  flowmeter, 
and pressure  gage, The backpack w a s  o r i g i n a l l y  designed and developed by t h e  
General Electr ic  Company as a w a t e r  p re s su r i za t ion  device t o  be used i n  conjunction 
with a s p e c i a l l y  designed quick-disconnect helmet, 
r e l i a b l e  and e f f i c i e n t  i n  previous test  programs conducted by General Electric,  
(See HEMAR, NAS8-18117, 31 December 1967, H E W ,  NAS8-21429, 15 June 1969.) 
The backpack w a s  e a s i l y  modified t o  be used as an a i r  pressur iza t ion  device with- 
out destroying i t s  capab i l i t y  f o r  water pressur iza t ion .  The backpack compensates 
f o r  pressure  d i f f e r e n t i a l s  as the  sub jec t  descends t o  working depth. However, t h e  
pressure could a l s o  be  cont ro l led  manually by the  s a f e t y  d ive r  t o  assist t h e  
subjec t ' s  i ng res s  and egress .  
10 c f m  and 3.5 p s i  (gage) respec t ive ly  and cont inua l ly  monitored on the  sur face  
t o  in su re  the  s a f e t y  of t h e  subjec t ,  

This system proved t o  be safe, 

The a i r  flow rate and pressure were maintained a t  

Each subjec t  w a s  n e u t r a l l y  buoyed a t  t h e  s ta r t  of each experiment session.  
Lead weights w e r e  added as required t o  the  weight harness, Figure 6-17, t o  ad jus t  
f o r  t h e  ind iv idua l  sub jec t ' s  weight and center  of gravity,, The weight harness ,  
approximately 130 poundsp not  only compromised the  mobil i ty  of t h e  s u i t ,  bu t  a l s o  
had a very f a t igu ing  e f f e c t  on the  sub jec t s  during ingress ,  egress ,  weight a t tach-  
ment and neu t r a l ly  buoying, 

She s h i r t s l e e v e  sess ions  u t i l i z e d  a s tandard scuba regula tor  a t tached  t o  a 
hookah l ine .  A simple back-mounted harness cons is t ing  of a shoulder harness worn 
over t h e  thorax w a s  used t o  maintain the  regula tor  hose a t  a f ixed  pos i t ion ,  
Neutral  buoyancy w a s  obtained by adding weights o r  f l o t a t i o n  ma te r i a l  t o  t he  sub- 
j ec t  p r i o r  t o  each experimental session.  

The communication system ava i l ab le  t o  the  test  d i r e c t o r  included the  communi- 
ca t ions  carrier i n  the  su i t ed  mode (d i r ec to r  t o  subjec t  only) and one way voice 
communication ( sur face  t o  subsurface) t o  i n s t r u c t  underwater personnel and d i r e c t  
operations. 
sleeve mode. 
t o  assure  t h e  test d i r e c t o r  t h a t  proper experimental protocol  and sa fe ty  measures 
were being followed. 

The la t ter  w a s  t h e  only means of communication u t i l i z e d  i n  t h e  s h i r t -  
An underwater TV system w a s  a l s o  used throughout t h e  t e s t i n g  program 

Photographic coverage consis ted of motion p i c t u r e  f i lms  and stills. Data 
co l l ec t ion  f o r  t he  n e u t r a l  buoyancy s imulat ion consis ted of recording da ta  outputs  
on an 8 channel brush recorder  as described i n  Paragraph 6.2, Support personnel 
required f o r  t he  underwater t e s t i n g  included a s a f e t y  d iver ,  2 underwater teohnicians,  
photographer, and sur face  technician,  These personnel w e r e  required t o  maintain 
r i g i d  adherence t o  s a f e t y  and diving protocols  along with t h e i r  s p e c i f i c  du t i e s  
assoc ia ted  with the  da ta  co l l ec t ion  program, 

Subject a v a i l a b i l i t y  w a s  l o s t  on seve ra l  occasions as a r e s u l t  of ear inflam- 
mations, 
organisms involved, i t  is  f e l t  t h a t  t h e  problem may have been due t o  the  tendency 

While no pathogenic analyses  were taken t o  de l inea te  t h e  in fec t ious  
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6 , 4  NEUTRAL BUOYANCY (Continued) 

of the subjects to fail to adequately clean and dry their ears following continued 
extended diving procedures. 
ambient pathogens to flourish and create the inflammation. Continuous water sam- 
ples indicated an almost sterile water condition with no detectable toxins. As a 
result, the probability of water introduced pathogens or irritants seems remote, 

This provided a warm moist environment that caused 

6.5 KC-135 ZERO GRAVITY 

This portion of the test program was performed at Wright-Patterson Air Force 
Base with the support of the Aeronautical Systems Division (ASD). 
was conducted during weightless simulation flights using the Air Force KC-135 
Zero-G test aircraft. 
jectory so that objects inside the aircraft were in a state of free-fall, thus 
being effectively weightless. 
25 seconds. The degree of accuracy was 2 .01G and depended primarily on pilot 
profiency and prevailing weather conditions. The zero-gravity maneuver is shown 
on Figure 6-18. 

The testing 

In these flights, the aircraft followed a ballistic tra- 

The period of weightlessness produced was nominally 

All GE personnel engaged in the test flights were required to meet the 
following qualifications: 

1. 
2,  Successfully pass a Class I11 flight physical. 
3, 

Establish proper security clearance att Wright-Patterson Air Force Base. 

Complete physiological training which consisted of: 
a. Altitude chamber indoctrination. 
b a Explosive decompression 

4 ,  Complete survival training. 

The Task Panel and foot restraint support were mounted to a frame structure 
that was specifically designed to meet the interface requirements of the aircraft. 
All test equipment was mounted to the floor of the aircraft on a 20-inS grid 
pattern which straddled the aircraft cer,terline. 

The test plan for this portion of the program had to be drastically modified 
to accommodate the limited time available aboard the aircraft. In order to 
accomplish this, the number of sessions and the time required for each session had 
to be reduced. The test plan of 36 sessions was reduced to 18 by eliminating each 
replication, and the time-line for each session was reduced by eliminating the 
following tasks: 

1. Foot restraint installation 
2, Cover removal 
3, Installation of access panel 
4 ,  Removal of access panel 
5 Cover replacement 

Seven reduced time-line sessions requiring approximately 55 parabolas per 
session were completed during the 2 weeks in which the aircraft was available 
for the program, 
parabolas, 

The aircraft made 8 flights and accumulated a total of 375 
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6.5 KC-135 ZERO GRAVITY (Continued) 

The suit pressurization system was identical to the one-g system, utilizing 
an air bank and the AAP controller, 

Communications during the KC-135 testing utilized the aircraft's inter-comm 
for the shirtsleeve mode. Documentary photography (motion pictures and slides) 
was provided by an Air Force photographer throughout the KC-135 testing. 

Complete recalibration of the output circuitry in the electronics was required 
to use the Visicorder available on the aircraft, The Visicorder is a 24 channel 
recording instrument that utilizes light sensitive paper rather than ink and it is 
not affected by the zero-gravity maneuver, 

Support personnel required aboard the aircraft exclusive of the crew and ASD 
representative included a G.E. test technician, NASA suit technicians, and an 
Air Force photographer. 
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FIGURE 6-18 ZERO-GRAVITY MANETJVER 
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SECTION 7 

DATA ANALYSIS AND RESULTS 

7 , 1  DATA REDUCTION 

This s ec t ion  descr ibes  the  technique u t i l i z e d  t o  convert the  r a w  da t a  
r e su l t i ng  from the  da ta  co l l ec t ion  ac t iv i t ies  described i n  Sect ion 6 i n t o  the 
measures defined i n  Sect ion 5. A l l  vo l tage  d a t a  w a s  read and manually converted 
t o  engineering un i t s ,  The converted da t a  was  then tabulated on computer-compatible 
formats, i l l u s t r a t e d  i n  Figure 7-1, and discussed below.. Five b a s i c  t a s k  d iv i s ions  
were iden t i f i ed :  Two-Hand Data, P rec i se  Hand Movement Data, Prec ise  Force Data, 
Impulse and Sustained Force Data and Torque Data. 
w a s  used t o  t abu la t e  task-time data .  
ease of ana lys i s  and consistency of computational techniques required. For each 
of the  f i v e  ca tegor ies ,  a computer program was wr i t t en  t o  permit ana lys i s  on t h e  
GE-605 Desk-Side Time-shared (DSTS) computer system. This method of ana lys i s  
allows the  experimenter t o  use the  da ta  bank i n  a "conversational mode", combining 
var ious da t a  po in t s  i n  ways t h a t  permit comparisons about performance parameters 
across  d i f f e r e n t  combinations of experimental conditions. 

The s i x t h  format i l l u s t r a t e d  
These d iv is ions  w e r e  es tab l i shed  mainly f o r  

7 . 1 , l  DATA PREPARATION 

The f i r s t  s i x  columns of the  da ta  formats (Figure 7-1) contain t h e  same 
desc r ip t ive  and i d e n t i f i c a t i o n  da ta  f o r  a l l  tasks.  These columns conta in  in t ege r  
d i g i t s  which ind ica t e  t h e  experimental condi t ions under which the  assoc ia ted  d a t a  
point  w a s  co l lec ted .  Table 7-1 presents  the  information and corresponding codes 
used i n  these  columns. 

TABLE 7-1 EXPERIMENTAL CONDITION DESCRIPTIVE CODES 

1 

2- 3 

4 

5 

6 

EXPERIMENTAL 
CONDITION 

Simulation Mode 

Session Number 

Subject 

S u i t  

Res t ra in t  

CODES USED 

1 = One-G 

3 = Neutral  Buoyancy 
4 = 6 Degree-of-Freedom 

2 = KC-135 

01  t o  36, corresponding t o  
se s s ion  protocols  

1 = Subject 1 
2 = Subject 2 

1 = Shi r t s l eeve  
2 = Apolio Block I1 (A7L) 
3 = Advanced Extravehicular  

S u i t  ( M s )  

1 = Waist Tether 
2 = Dutch Shoes 
3 = Waist and Shoes 
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7 1 1 DATA PREPARATION (Continued) 

Thus, every da t a  poin t  co l lec ted  i n  the  program is  i d e n t i f i e d  by i ts  corresponding 
experiment condi t ions and can be  r ead i ly  t raced  t o  i t s  o r ig ina t ing  sess ion ,  

The next f i v e  columns of t h e  da t a  formats contain add i t iona l  i den t i fy ing  
information t h a t  is  appl icable  t o  a p a r t i c u l a r  task.  Thus column 7 contains  a 
d i g i t  i den t i fy ing  the  d a t a  as belonging t o  one of t h e  f i v e  major t a sk  d iv i s ions  
i d e n t i f i e d  above. Columns 8 through I1 (not a l l  of which are always used) iden- 
t i f y  such experimental condi t ions as access condi t ion,  force  receiver pos i t ion ,  
etc. Table 7-2 presents  t h e  information and coding used f o r  these  columns. 

The remaining columns contain the ac tua l  values  of the  da ta  e n t r i e s .  The 
mechanics of obtaining these  e n t r i e s  are described below f o r  each of t he  s i x  
format shee t s  

7.1.1.1 Two-Hand Task 

The Two-Hand Task is always performed i n  a block of nine tr ials -s 3 t r ia ls  
f o r  each test point .  Thus, the  da ta  format i n  Figure 7-IA w a s  s t ruc tu red  so  t h a t  
each l i n e  contained da ta  from the  th ree  t r ia l s  of a p a r t i c u l a r  t e s t  point .  The 
test poin t  w a s  i d e n t i f i e d  i n  columns 1 2 ,  31, and 50 by a one-digit number, where 

w a s  used f o r  t he  male tes t  poin t ,  "2" f o r  t he  female test poin t ,  and "3" f o r  
t h e  so lde r  point .  The remaining e n t r i e s  f o r  each test poin t  w e r e  obtained from 
the  traces of Figure 6-2 i n  Sect ion 6 as follows: 

I I  11 1 

DVM INPUT - Determined from t h e  amplitude of signal 2. 

ANALOG SETTING - Determined from t h e  amplitude of s i g n a l  3 .  

RESPONSE TIME - Determined from the  d i f fe rence  i n  dura t ion  of s i g n a l s  1 and 6 .  

TRIAL, TIME - Determined from the  durat ion of s i g n a l  1. 

NUMBER OF BREAKS - Determined by counting t h e  pulses  of signal 4 .  

Approximately 1050 t r i a l s  were recorded f o r  t h e  Two-Hand Task. 

7.1.1-2 P rec i se  Hand Movement 

I n  t h e  o r i g i n a l  experiment d e f i n i t i o n ,  measures f o r  the  Prec ise  Hand Move- 
ment Task included a pos i t i on  p r o f i l e  i nd ica t ing  where contac ts  occurred. 
due t o  technica l  d i f f i c u l t i e s  with t h e  spr ing  displacement s igna l s  during n e u t r a l  
buoyancy and KC-135 t e s t i n g ,  t h i s  da ta  w a s  ava i l ab le  f o r  only two modes. Thus, 
contact  d a t a  was  recorded only by t o t a l s ,  using t h e  format of Figure 7-1B. The 
e n t r i e s  i n  columns 12  through 30 were obtained from the  traces of Figure 6-3 as 
follows : 

However, 
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TASK - 
A l l  

TABLE 7-2 TASK CONDITION DESCRIPTIVE CODES 

COLUMN EXPERIMENT CONDITION 

7 Task Name  

Two-Hand-Tas k 8 Access Condition 

P r e c i s e  Hand 8 Access Condition 
Movement 

CODES USED 

1 = Two Hand Task 
2 = P r e c i s e  Hand Movement 

3 = P r e c i s e  Force Task 
4 = Sus ta ined  and Impulse 

5 = Torque Task 

Task 

Force Task 

1 = Free  Access 
2 = Limited Access 

1 = Free  Access 
2 = Limited Access 

9 Module O r i e n t a t i o n  1 = Springs L e f t  
2 = Springs Right  

10 Spr ing  Tension 1 = 1.25 lbs .  
2 = 2.50 lbs .  
3 = 5.00 l b s .  

11 Traverse D i r e c t i o n  1 = F i r s t  Half 
2 = Second Half 

Precise Force 8 Force Receiver P o s i t i o n  1 = Center 
2 = Upper Right  

Sustained,  8 Force Receiver P o s i t i  m 1 = Center  
Impulse Force 2 = Upper Right  

Torque 8 Force Receiver P o s i t i o n  1 = Center  
3 = Lower L e f t  

9 Tool 

7-4 

1 = L-Handle 
2 = T-Handle 



7.1.1.2 Precise Hand Movement (Continued) 

TRAVERSE TIME - Duration of 5V-signal and duration of 2.5V signal, from 
signal 4 ,  depending upon traverse direction. 

TOTAL TOP CONTACTS - Determined by counting the pulses of signal 5. 

TOTAL TIME (TOP) - Determining by measuring and adding widths of pulses 
of signal 5. 

TOTAL BOTTOM CONTACTS - Determined by counting the pulses of signal 7. 

TOTAL TIME (BOTTOM) - Determined by measuring and adding widths of pulses 
of signal 7. 

Approximately I300 trials were recorded for the Precise Hand Movement Task 

7.1.1.3 Precise Forces 

Figure 7-1C shows the format used to record data for Precise Force Trials. 
Column 12 contains a redundant identifier indicating a Precise-type force. 
Column 13 is used to indicate the direction of the force according to the code 
of Table 7-3. The remaining data entries are determined from the traces of 
Figure 6-6: 

PRECISE COMMAND - Determined from the amplitude of signal 2. 

PRECISE FORCE AVERAGE - An average of six points taken every .5 seconds, 
over the last 2.5 seconds of the commanded direction force output. 

PRECISE FORCE RANGE - The highest and lowest of the six points included in 
the Precise Force Average. 

Approximately 650 Precise Force trials were recorded. 



TABLE 7-3 

FORCE/TORQUE TYPE AM> DIRECTION CODES 

Force/Torque Type (Column 12) 

Impu Is e 

Sustained 

P rec i se  

Force Direc t ion  (Column 13) 

+x P u l l  

-X Push 

+Y Right 

-Y Lef t  

+z up 

-Z Down 

Torque Direc t ion  (Column 132 

Clockwise 

Counterclockwise 

CODE - 
1 

2 

3 

CODE - 
1 

2 

3 

4 

5 

6 

CODE - 
1 

2 
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7,1,1.4 Sustained and Impulse Forces 

Sustained and Impulse Forces were combined on one da ta  sheet  because of t h e  
s i m i l a r i t y  of computational techniques and because a computer and programing 
savings r e s u l t s  from the  combination. Figure 7-1D i l l u s t r a t e s  t h e  format used, 
Columns 12 and 13 designate  the  force type and d i r e c t i o n  being recorded a s  de- 
scribed i n  Table 7-3. The remaining column e n t r i e s  a r e  a s  follows: 

MAX ( I )  - I n  t h e  case of impulse forces ,  a t ime-sl ice  i s  taken through the  
commanded d i r e c t i o n  and two e r r o r  axes a t  a point i n  t i m e  when t h e  
maximum force  i n  the  commanded d i r e c t i o n  occurs. The commanded 
d i r e c t i o n  i s  scanned f o r  four  seconds t o  f ind  the peak -- the  
2-second command pulse plus  an add i t iona l  2-seconds. 

Forces a r e  recorded, a t  t h i s  point ,  f o r  t h r e e  d i r e c t i o n s  i n  
co lumns 14-43 

FIN (S) - I n  t h e  case of sustained forces ,  a s l i c e  is  taken through the  
commanded d i r e c t i o n  and two e r r o r  axes a t  the  point i n  time when 
the cue-signal i s  extinguished. Forces a r e  recorded, a t  t h i s  
point ,  f o r  th ree  d i r e c t i o n s  i n  columnsl4-43. Note t h a t  t h e  same 
columns are being used here  a s  f o r  MAX ( I ) ,  but t h e  code i n  
column 12 w i l l  ind ica te  whether the  e n t r i e s  a r e  f o r  sustained o r  
impulse forces .  

RESPONSE TIME - For both sustained and impulse forces ,  t h e  t i m e  from 
command s i g n a l  "ON" u n t i l  a 3 lb. force  i s  exerted i n  the  commanded 
d i r e c t i o n  is  recorded a s  response time i n  columns 44-47. 

MAX TIME - For impulse forces ,  the  time from command s i g n a l  "ON" u n t i l  the  
maximum force occurs is  recorded i n  columns 48-51, 

MAX FORCE - For impulse forces ,  the value of t h e  maximum force  i n  t h e  com- 
manded d i r e c t i o n  is  recorded i n  columns 52-56. (This value i s  
a c t u a l l y  a l ready recorded somewhere i n  columns 14-43. Repeating 
it here provides a programing s impl i f ica t ion)  a 

MIN TIME - For sustained forces ,  the commanded d i r e c t i o n  force p r o f i l e  i s  

The t i m e  
scanned over t h e  l a s t  2 seconds of t h e  4-second command s i g n a l  t o  
f ind t h e  minimum force  which occurs during t h a t  t i m e ,  
(from command s igna l  "ON") when t h a t  force occurs i s  recorded i n  
columns 57-60, 

MIN FORCE - For sustained forces ,  the  minimum force  which occurs during t h e  
l a s t  two seconds of the  4-second sustained force command s i g n a l  
i s  recorded i n  columns 61-65, 

FIN FORCE - For sustained forces ,  the  force i n  the commanded d i r e c t i o n  a t  
(This value command s i g n a l  "OFF" i s  recorded i n  columns 66-70, 

is a c t u a l l y  a l ready recorded somewhere i n  columns 14-43, Re- 
peating i t  he re  provides a programming s impl i f ica t ion . )  
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7.1.1.4 Sus ta ined  and Impulse Forces  (Continued) 

Approximately 1400 sus t a ined  and impulse f o r c e  trials were recorded e 

7.1.1.5 P r e c i s e ,  Sustained and Impulse Torques 

F igure  7-1E i l l u s t r a t e s  t h e  d a t a  format f o r  t h e  Torque Task. Because l e s s  
in format ion  i s  recorded h e r e  than  f o r  t h e  f o r c e  t a s k ,  a l l  t h r e e  types  of to rques  
can be recorded on one s h e e t .  Columns 12 and 13 i d e n t i f y  t h e  torque  type and 
d i r e c t i o n  v i a  t h e  code of Table  7-3. The i n t e r p r e t a t i o n  of e n t r i e s  i n  t h e  re- 
maining columns i s  similar t o  t h e  d e f i n i t i o n s  given f o r  t h e  f o r c e  t a s k .  S ince  
only  two d i r e c t i o n s  are d e a l t  w i t h ,  no e r r o r  d a t a  i s  recorded.  Approximately 
1400 Torque Trials  were recorded.  

7.1.1.6 Task-Time Data 

Figure  7-1F i l l u s t r a t e s  t h e  f i n a l  d a t a  s h e e t  which was  u t i l i z e d  t o  record 
t ime d a t a .  
s e s s i o n  p ro toco l s  dur ing  performance of t h e  experiment.  
formed t o  t h e  d a t a  shee t  - 

This  information w a s  manually noted by t h e  t e s t  d i r e c t o r  on t h e  
The d a t a  was  then t r a n s -  

Columns 1-6 c o n t a i n  i d e n t i f i c a t i o n  of experimental  condi t ions  i n  t h e  same 
manner as a l l  t h e  d a t a  s h e e t s .  The remaining columns con ta in  time d a t a  r e l e v a n t  
t o  t h e  t a s k s  noted i n  t h e  column headings.  

S ince  t h e  amount of d a t a  w a s  r e l a t i v e l y  small, a n a l y s i s  of task- t ime d a t a  
w a s  performed manually. 

7.2 COMPUTATION PROCEDURES 

Conversion of t h e  informat ion  contained on t h e  d a t a  s h e e t s  t o  u s e f u l  per -  
formance measures was  accomplished by w r i t i n g  s e p a r a t e  computer programs f o r  
each of t h e  f i v e  d a t a  d i v i s i o n s ,  p lus  a s i x t h  r o u t i n e  which is  used t o  s e t  i npu t  
cond i t ions  f o r  t h e  a n a l y s i s .  The d a t a  was  t r a n s f e r r e d  t o  punched ca rds  and then  
t o  permanent d i s c  s t o r a g e  on t h e  GE-605 Desk-Side Time-sharing System. The 
programs provide t h e  a n a l y s t  w i t h  t h e  c a p a b i l i t y  t o  s e l e c t  t h e  des i r ed  t a s k  and 
t o  average d a t a  p o i n t s  a c r o s s  d i f f e r e n t  combinations of s u b j e c t s  o r  s imula t ion  
modes o r  o t h e r  experiment v a r i a b l e s .  

Regardless  of  t h e  t a s k  be ing  analyzed,  t h e  u s e r  i s  always f i r s t  asked t o  s e t  
t h e  cond i t ion  Eor s e l e c t i o n  of d a t a  p o i n t s .  
“conversat ion” between t h e  605 computer and t h e  use r .  The system reques t s  t h e  
necessary  inpu t  and t h e  u s e r  responds wi th  a s i n g l e  code (responses  are under- 
l i ned  i n  Table 7-4). 
p o i n t s  are t o  be averaged toge the r .  

Table  7-4 i l l u s t r a t e s  a t y p i c a l  

This  i npu t  i s  used t o  i n d i c a t e  t o  t h e  program what d a t a  
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TABLE 7-4 

AN&YSIS PROGRAM-INPUT ROUTINE 

TASK NO. , TASK NAME = 5, TORQTASK(R) 

NO. MODES, MODES = 4.1,2,3,4(R) 

NO, SUBJECTS, SUBJECTS = 2,1,2(R) 

NO. SUITS, SUITS = 2,1,2,3(R) 

NO. RESTRAINTS, RESTRAINTS = 3,1,2,3(R) 

(R) - t e l e t y p e  c a r r i a g e  r e t u r n  

7.2 COMPUTATION PROCEDURES (Continued) 

I n  t h e  example shown, t h e  u s e r  i s  r eques t ing  a n a l y s i s  of d a t a  c o l l e c t e d  i n  
t h e  Torque Emission Task. He has  chosed t o  average a l l  data f o r  t h i s  t a s k ,  
combining ac ross  a l l  f o u r  s imula t ion  modes, both s u b j e c t s ,  a l l  t h r e e  s u i t  con- 
d i t i o n s ,  and a l l  t h r e e  r e s h r a i n t  condi t ions .  

The program w i l l  cont inue  by r eques t ing  a d d i t i o n a l  input  in format ion  per -  
t i n e n t  on ly  t o  t h e  Torque Emission Task. The measures def ined i n  Sec t ion  5.8.2 
f o r  t h i s  t a s k  w i l l  be computed and p r i n t e d  f o r  s tudy .  The system then  w i l l  
permit  t h e  u s e r  t o  change any number of i npu t  cond i t ions  t o  new va lues  and p r i n t  
t h e  r e s u l t s .  I n  t h i s  way, t h e  a n a l y s t  could f o r  example, s tudy d i f f e r e n c e s  i n  
performance parameters as a func t ion  of d i f f e r e n t  s imula t ion  modes, o r  s u i t s ,  o r  
some o t h e r  condi t ion .  

The s p e c i a l  i npu t  needed and t h e  output  provided f o r  each t a s k  are d iscussed  
below. 

7.2.1 TWO HAND TASK 

The only  a d d i t i o n a l  parameter needed f o r  a n a l y s i s  of Two Hand Task d a t a  i s  
d e f i n i t i o n  of t h e  d e s i r e d  access  cond i t ion  -- f r e e  access  o r  l imi t ed  access .  
These choices  are mutual ly  exc lus ive  i n  t h a t  d a t a  from one access  cond i t ion  
cannot be averaged wi th  d a t a  from t h e  o t h e r  condi t ion .  The u s e r  does have t h e  
opt ion ,  however, of s p e c i f y i n g  t h a t  both access  cond i t ions  be computed and 
p r i n t e d ,  r a t h e r  than  spec i fy ing  one cond i t ion ,  wa i t ing ,  and then spec i fy ing  t h e  
second cond i t ion .  

A sample p r i n t o u t  f o r  t h i s  t a s k  i s  given i n  F igure  7-2. The f i r s t  s i x  
l i n e s  i n d i c a t e  r eques t  f o r  i npu t .  
t h e  cond i t ions  t h a t  d e s c r i b e  t h e  data presented .  
po in t  type  ("M", "F" , o r  "S"), and inc lude  the  means, ranges and number of d a t a  
p o i n t s  found. "TRIAL TIMES" i n d i c a t e  t h e  t o t a l  time t o  perform t h r e e  t r ia l s  on 

The output  begins  wi th  a header  i d e n t i f y i n g  
Measures a r e  l i s t e d  by t e s t  
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FIGURE 7-2 SAMPLE PRINTOUT - TWO -HAND TASK 

7-10 



7 , 2 . 1  TWO HAND TASK (CONTINUED) 

one test  point ,  whereas "RESPONSE TIMES" are recorded ind iv idua l ly  by test point  
A l l  t i m e  values a r e  i n  seconds, "SETTING ERRORS" computes the  absolute  value of 
the  d i f f e rence  between the  analog s e t t i n g  and t h e  d i g i t a l  command, 
ranges of these  e r r o r s  are computed and displayed. The column marked 'ZEROES" 
ind ica tes  t h e  number of times the subjec t  exact ly  matched the command value.  

Means and 

I f  the  ana lys t  should d e s i r e  t o  compute addi t iona l  information, he may 
answer t h e  request "WISH TO CHANGE CONDITIONS? YES OR NO=" with "YES". The 
program w i l l  then allow t h e  user  t o  change whatever input  conditions he d e s i r e s ,  

7.2.2 PRECISE HAND MOVEMENT TASK 

Two a d d i t i o n a l  inputs  are required f o r  computation of da ta  co l lec ted  from 
the  Precise  Hand Movement Task. As i n  the  Two Hand Task, the  access condi t ion 
must be specif ied.  I n  addi t ion ,  t h e  module o r i e n t a t i o n  (springs l e f t  vs .  spr ings 
r igh t )  must be d ic ta ted .  
var iab les .  It i s  possible ,  however, t o  command t h e  program t o  automatical ly  
cycle through a l l  combinations of these condi t ions,  thereby el iminat ing the  need 
f o r  supplying new input  f o r  every desired run. 

It is not  possible  to average d a t a  across  these 

Figure 7-3 presents  t y p i c a l  output f o r  t h i s  task.  Data a r e  l i s t e d  by 
spr ing  type and by d i r e c t i o n  of t r a v e r s a l .  Direct ion 1 implies movement from 
the  s t a r t  of the  t r i a l  t o  t h e  f a r  end of t h e  path. Direct ion 2 implies move- 
ment from t h e  f a r  end back t o  the  beginning of t h e  path.  
seconds) and contact  d a t a  (absolute number of contacts  and time spent i n  contact  
a s  a percentage of t r a v e r s e  time) are presented by sp r ing  d i r e c t i o n  and a l s o  f o r  
the t o t a l  t r i a l .  

Traverse times ( i n  

7.2.3 PRECISE FORCE TASK 

When analyzing t h e  P rec i se  Force Task, the u s e r  must spec i fy  the desired 
pos i t i on  (center  o r  upper r i g h t ) .  
posi t ions e x i s t s .  Figure 7-4 i l l u s t r a t e s  t y p i c a l  output f o r  t h i s  t a s k  where 
t h i s  opt ion has been exercised,  

Once again,  t h e  option of s e l e c t i n g  

Data c o n s i s t s  of t h e  mean absolute  dev ia t ion  from t h e  command value,  com- 
puted by comparing t h e  average force  e m i t t e d  with t h e  command value.  The range 
of force  values presents  t h e  lowest and highest  force  values t h a t  went i n t o  the  
computation of t h e  average force.  
A l l  data a r e  i n  pounds. 

This range is not the  range of average forces ,  
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TASK NOBBTASKNAME=~~PHMTASK 

NO- MODESsMODES=la4 

NO. SUBJECTSs SUBJECTS=Zs 1 a 2  

NO. R E S T R A I N T S P R E S T R A I N T S = ~ . ~ I  

ACCESS C OND I TI ON= 0 

ORIENTAFION=0 

MODE 6 D O F s  
SUBJECT l o 2 r  
SUIT ss '4 

RESTRAINT: 1J B 

ACCESS CONDITION% FREE 
ORIENTATION SPRINGS LEFT 

TRAVERSE TIME 

TENSIONPLBS DXRN MEA& RANGE N 
1 *25 1 5190 5.45- 6.35 2 
1 a25 2 4895 4875- 5 * 1 5  2 
II e25 TOTAL 10e85 2 

SPR I NG 

2859 1 5e65 4e55- be75 2 
2850 2 4e69 4.24- 50315 2 
2050 TOTAL 1 0 ~ 3 4  2 

5 ~ 0 0  II 6.87 6 e 2 5 -  7.50 2 
5800 2 Sa20 5.00- 5.40 2 
5000 TOTAL 1 2 ~ 0 7  2 

MODE 6DOF.v 
SUBJECT t l s 2 a  
SUIT 0" ss 9 

RESTRAINTS W 9 

ACCESS CONDITION2 FREE 
OR1 ENTATI ON t SPRINGS RIGHT 

TRAVERSE TIME 

TENSlONoLBS DIRM MEAN RANGE N 
B e 2 5  E 5027 3e60- 6 e 9 S  2 
1 e25 2 4 ~ 7 2  4055-  4895 2 
1 e 2 5  TOTAL 10-00 2 

SPRI NG 

2 e 5 0  B 5.75 5 ~ 2 0 -  6.30 2 
2.50 2 4845 4040- Y e 5 8  2 
2e55 TOTAL 15820 2 

5.90 t 6e30 6080- (5~60 2 
5~063 2 4e90 4n75- 5.05 2 
5 5 m  TOTAL ! & e 2 0  2 

TOP CONTACTS 
MEAN 5! TIME MEAN 

NO* OF IN CON* NO. OF 
'1 e50 6.36 le05 
1 e 5 8  3.03 2.00 
3.B5 4084 3e00 

0.50 e 7 7  3.00 
H a 0 0  7m45 10563 
1 e50 4 e 3 5  4 ~ 5 0  

T OP 
MEAN 

NOe OF 
8.50 
1 *B0 
1 e50 

1 .50 
9, .5@ 
3000 

2.00 
2080 
4000 

C ONTAC T S 
X TIME WEAN 
XN CON. NOp OF 

0057 3550 
9818 2850 
4 e 6 0  6 s 0 @  

3.39 %e50 
$4004 3-00 
8004 4e55 

2e70 2s00 
8 5 ~ 6 1  0950 
a,35 2.50 

BOT 
f TIME 
IN CON* 

3.98 
15-76 
9835 

8 0 9 6  
1 1  040 
9 e 9 6  

4.73 
10038 
7.16 

BOT 
X TIME 
HN CONe 
'9 e67 
8e57 
9015 

1513 
b00b0 
5.00 

1e05 
Bo7 1 
2-59 

FIGURE 7-3 SAMPLE PRINTOUT - PRECISE HAND MOVEMENT TASK 
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FIGURE 7-4 SAMPLE PRINTOUT - PRECISE FORCE TASK 
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7,2.3 PRECISE FORCE TASK (CONTINUED) 

Although d a t a  from more than one r e s t r a i n t  condition may be averaged to-  

For example, i f  d a t a  from 
gether ,  t h e  r e s u l t i n g  p r in tou t  may be very suspicious because d i f f e r e n t  r e s t r a i n t s  
had d i f f e r e n t  command values associated with them. 
t h e  shoe r e s t r a i n t  and from t h e  w a i s t  and shoe r e s t r a i n t  conditions were averaged, 
t h e  following r e s u l t  could occur f o r  t h e  P u l l  d i rec t ion :  

MEAN ABS. DEV. RANGE OF 
FROM CMD. N FORCE VALUES COMMAND 

WLL 5 3.21 12 2.2-24.3 

The high value of force  (24.3 lbs.)  appears highly unreasonable f o r  a com- 
mand of 5 lbs .  The problem arises from t h e  f a c t  t h a t  5 lbs .  i s  t h e  command 
value f o r  t h e  shoe r e s t r a i n t ,  whereas the  command value f o r  the  wais t  and shoe 
combination is  18 lbs .  The value "24.3" w a s  associated with t h i s  higher command. 
As long as t h e  ana lys t  i s  aware of t h i s  problem, i n t e r p r e t a t i o n  of t h e  r e s u l t s  
is  s t ra ightforward 

SUSTAINED AND IMPULSE FORCE TASK 

The output f o r  t h i s  t a s k  is  i l l u s t r a t e d  i n  Figure 7-5. Data cons is t s  of t h e  
means and ranges of t h r e e  force  measures as defined i n  sec t ion  7.1.1.4. 
addi t ion ,  the  t i m e  a t  which t h e  maximum impulsive force occurs and the  response 
time a r e  presented. 

I n  

A l l  force da ta  is  i n  pounds, a l l  t i m e  d a t a  i n  seconds. 

7.2,5 TORQUE TASK 

The Torque Emission Task requires  two a d d i t i o n a l  inputs:  pos i t i on  of torque 
r ece ive r  module (center  o r  lower l e f t )  and t o o l  (L-handle o r  T-handle), The 
program w i l l ,  on command, cyc le  through t h e  four  combinations of these condi t ions.  

The da ta  output (Figure 7-6) cons is t s  of t h e  same measures computed €or  t h e  
Precise ,  Sustained and Impulse force emissions. A l l  torque data  is i n  in- lbs . ,  
a l l  t i m e  d a t a  i n  seconds. 

7,3 RESULTS AND CONCLUSIONS 

The performance measures which r e s u l t e d  from the  computation program w e r e  
analyzed with t h r e e  s p e c i f i c  object ives .  
t a s k  t o  determine whether o r  no t  i t  r e l i a b l y  and meaningfully d i f f e r e n t i a t e d  between 

F i r s t ,  it was des i r ed  t o  analyze each 
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TASK N O B B T A S K N A M E = ~ ~  S I C T A S K  

NO* SUIT Sa S U I  TS= B 3 

NO0 R E S T R A I N F S o R E S T R A I N T S = l a 3  

P O S I T I O N  N 0 a - O  

MODE g 1-G a 
S U B J E C T  t 182s 
S U I T  t A E S a  
R E S T R A I N T  t W& S o  

F O R C E  R E C E I V E R  P O S I T I O N 8  C E N T E R  

S U S T A I  NED 
F I N  

WEAN RANGE MEAN RAiJGE 
P U L L  2885 7.15- 4304 40.7 27~9- 55.8 
P U S H  8205 80 3803 43.2 3702- 49.6 
R T e  % 8 * 8  4.7- 32.6 4603 43303- 56.1 
L E F T  44e3 2206- 5784 6068 44.0- 7 7 . 8  

DOWN 39-8 3401- 49.9 728% 41a5-105¶4 
U P  5 4 e Q  35*8- 7 1 - 9  66*8 3600-  87a8 

MEAN RANGE N 
R E S P O N S E  TIME8 1-34 8060-2.60 48 

MODE t 1-6 .4 

SUBJECT 8 la2.4 
S U I T  A E S B  
R E S T R A I N T :  W I S B  

F O R C E  R E C E I V E R  POSITION8 U P P E R  R I G H T  

I M P U L S E  
MAX 

N HEAN RANGE T I M E  N 
5 123.5 81.2-16704 1039 4 
3 82.0 7067- 9902 8.58 4 
4 53.9 3507- 8304 Is94 4 
4 8 l B a B  6805-14Eiol 1-73 4 
4 97.3 a e 2 - 1 1 4 0 7  $054 4 
4 I8389 83.4-12704 S a 8 8  4 

S U S T A I N E D  
WIN 

MEAN RANGE MEAN 
P U L L  7.0 0. - 1883 l l e 5  
P U S H  8 s 4  0 0  a 1582 25.9 
R T e  17a6 88'8- 2494  29s9 
L E F T  36e3 2389- 4685 56.8 
U P  37a8 2005- 47.3 46.88 
DOWN 7709 S S e 2 -  99.2 95.2 

F I N  
RANGE N MEAN 

3 9 8 -  29e4 4 1%6e2 
22eE1- 33e8 4 8'785 
2 6 ~ 4 -  3308 4 73.7 
45.8- 6 9 ~ 4  4 124.5 
35~3- 56cl 4 6 0 8 %  
5585-33303 4 %%2e7 

NEAN RANGE N 
R E S P O N S E  T P M E t  8547 0r70-2e58 48 

WISH T O  CHANGE CONDITIONS? Y E S  03 NOSNO 

FIGURE 7-5 SAMPLE PRINTOUT - SUSTAINED & IMPULSE FORCE TASK 
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7,3 RESULTS AND CONCLUSIONS (Continued) 

major experimental conditions. Second, performance measures were studied to dis- 
cover any meaningful trends which, even without actual flight validation, provided 
useful information about the experimental conditions, Finally, performance measures 
were studied to discover design data suitable for inclusion in a handbook of human 
performance data. 

To properly assess the significance of the results, the data were subjected 
to a statistical analysis. Non-parametric techniques were utilized for the 
analysis because of the small sample size involved, and because of the inability 
to make accurate predictions about the nature of the distributions underlying the 
data. The primary requirements for non-parametric analyses are that the observa- 
tions be independent and that the variables have some underlying continuity, In 
such cases Siegel, 1956, recommends two tests of significance which were useful 
here, The Wilcoxon Matched Pairs Signed Ranks Test is applicable where observa- 
tions corresponding to two levels of an independent variable have been collected 
(such as in testing whether there is a significant difference in performance 
between two subjects). 
where there are observations corresponding to three or more levels of an independent 
variable, 

The Friedman Two-way Analysis of Variance is applicable 

The main disadvantage of the above tests is that they are not influenced by 
the magnitude or the direction of different performances. 
indicate whether subject 1 consistently performed "better" than subject 2, but only 
that the two subjects' performance was different e 

performance means must therefore be used to determine the physical importance of 
performance differences, 

They do not, for example, 

Subjective interpretation of 

Each task and its associated measures are analyzed below utilizing these tech- 
niques * 

7.3,l PRECISE HAND MOVEMENT TASK 

Table 7-5 summarizes the results obtained for the Precise Hand Movement Task, 
The numerical entries in the table are mean scores across 
other than the variables of interest, 
averages for the different spring tensions, access conditions, orientations, sub- 
jects, and so forth, 

experimental variables 
Thus the entries under "MODES" represent 

The only measures listed in Table 7-5 are traverse time and number of contacts. 
Percentage time spent in contact did not provide any significant information in 
addition to the information provided by these two measures. 

The significance of the results is summarized below for each variable: 

MODES - Statistically significant different performances occurred across 
the four simulation modes for both the time measure (significant at the 
.005 level) and the accuracy measure (-01 level), The KC-135 simulation 
resulted in a much faster time than the other modes, a "hurry-up" phenome- 
non which occurred consistently across all tasks, Paradoxically, however, 
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TABLE 7-5 

VARIABLE 

MODES 

SUITS 

RESTRAINTS 

ACCESS 

ORIENTATION 

SPRINGS 

RESULTS SuME(IARY - PRECISE HAND MOVEMENT 

LOCATION OF CONTACTS 

1-G 
NBS 
6 DOF 
KC-135 

ss 
A7L 
AES 

W 
S 
W&S 

Free 
Lmtd. 

Left 
Right 

1.25 Lb. 
2.50 Lb. 
5,OO Lb. 

TRAVERSE TIMES 

14.2  Sec, 
12,5  
12 .3  

9.6 

11.74 
13.34 
14 e 36 

12 08  
13.05 
12.96 

1 2  e 59 
12.94 

12.94 
12.54 

12 23 
12,64 
13 e 41 

NO. OF CONTACTS 

10 e 06 * 
9.49 
8 .50  

8 ,36  
10.56 
10.38 

10.70 
9 , o o  
10 06 

6 - 8 4  
9.86 

8.44 
8.25 

7 .44  
8 .42  
9.15 

3.67 
Bottom 4.68 

* Data not recorded. 
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7,3,1 PRECISE HAND MOVEMENT TASK (Continued) 

MODES(Continued) - the fewest number of contacts also occurred in the KC 
mode. This contradicts expectations, which imply that accuracy and 
traverse time should be inversely related. 
direct relationship, The 1-g mode results were consistently slower and 
less accurate than the three 0-G simulation modes, This implies that the 
ability to exert precisely controlled hand movements is enhanced by the 
zero gravity environment when restrained at a worksite. 

The results listed imply a 

SUITS - Performance scores for both measures were statistically different at 
a .005 level of significance. Suited performance was 18% slower and 
25% more inaccurate than shirtsleeve performance, representing a compari- 
son of IVA vs, EVA performance of a dynamic, precision task. Differences 
in performance scores between the two suits were not large enough ‘to be 
meaningful. 

RESTRAINTS - Restraint differences were significant at a .05 level for tra- 
verse times and a .005 level for contacts. However, for both measures, 
the magnitude of the difference is less than 10%. This probably results 
from the fact that when the limited access panel is in place, subjects 
had to use the handhold for support. They were, therefare, instructed 
to use the handhold when the access condition was free(to permit compari- 
son). As a result the restraints here are not really waist, shoes, and 
waist and shoes, but hand and waist, hand and shoes, and hand, waist and 
shoes ., 

ACCESS - Performance differences between the two access conditions were signi- 
ficant at the .05 level. For traverse time, the magnitude of the differ- 
ence w a s  less than 3%. But in terms of accuracy, a 43% degradation 
occurred when the access was restricteda This implies a serious problem 
in terms of precision when an astronaut is expected to work through a 
small access port. 

ORIENTATION - Differences in performance for the two module orientations 
were small (less than 3%) and considered to be not meaningful. 

SPRINGS - Although a statistically significant difference in performances 
occurred for the three springs, the differences seem completely attri- 
butable to the increase in spring tension, No particularly meaningful 
information is provided by these differences, 

LOCATION OF CONTACTS - More contacts occurred on the bottom of the path than 
on the top. 
situation - the subject’s hand blocked his view of the bottom edge - and 
is not considered important, 

This is probably simply a result of the geometry of the 

In summary, the Precise Hand Movement Task differentiated significantly and 
importantly between different simulation modes and between shirtsleeve and suited 
condi.tions. In addition, an important problem associated with restricted access 
tasks was discovered. 
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7.3.1 PRECISE HAND MOVEMENT TASK (Continued) 

Task Recommendations: The task procedure may be simplified by 

e 
(B 

Using only one module orientation 
Using only one spring tension 

The task telemetry may be reduced to only 

Total traverse time 
e Total number of contacts 

Contact location or duration need not be recorded. 

7.3.2 TWO-HAND TASK 

Table 7-6 summarizes the results obtained for the Two-Hand Task. Again, the 
table entries are mean scores across all variables other than the variable of 
interest. The significance of the results is summarized below for each variable: 

MODES - All three performance measures exhibited statistically significant 
differences across modes at the .005 level. As in the Precise Hand Move- 
ment Task, trial times differed greatly in the different simulation modes. 
The KC-135 aircraft simulation total time was not the fastest, but it was 
about 20% faster than either the 1-g or 6 DOF results. 
in response times and setting errors, though large in some instances, 
were not felt to be of any intrinsic value. 
that a simulation effect upon performance does exist and this task, as 
measured by total trial time, will denote this effect. 

The differences 

The important conclusion is 

SUITS - Performance differences across suit conditions were statistically 
significant at the .01 level for trial times and setting errors and the 
.005 level for response times. Moving from a shirtsleeve (IVA) to a 
suited (EVA) condition increased trial time 30% and response time 40%. 
In addition, this task indicated a 10% increase in trial time and a 15% 
increase in response time when wearing the AES suit as opposed to the 
A7L suit.* 

The 65% increase in the magnitude of the setting errors between the AES 
and the two other suit conditions reflects an important visual problem 
noted by the subjects. 
ward angle required to see the voltage meter, a small visual distortion 
was noted by both subjects and confirmed by this data. This problem is 
further substantiated if this data is broken out for the two access con- 
ditions: the difference is smaller in the limited access condition (where 
the subject looks through the opening and therefore at a more horizontal 
viewing angle) than in the free access condition (where the subject looks 
down at about a 30-45 degree angle). 

*It is important to realize that these tasks, limited only to performance at a 

Viewing through the AES suit helmet at the down- 

- 
worksite, do not really constitute a suit evaluation. Nevertheless, important 
performance differences that were noted deserve special mention. 
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VARIABLE 

MODES 1- G 
NBS 
6 DOF 
KC-135 

SUITS ss 
A7L 
AES 

RE S TRAINTS W 
S 
W6S 

ACCESS F ree  
Lmtd. 

TEST POINTS M 
F 
S 

TABLE 7-6 

RESULTS SUMMARY - TWO-HAND TASK 

TRIAL TIMES 

36.7 Sec. 
21.9 
35.8 
29 .l 

28.6 
35.6 
38.3 

32.7 
33.6 
32.3 

32.2 
33.4 

31.0 
33.1 
35.0 

RESPONSE TIMES 

3.39 Sec. 
2.32 
3.41 
2.96 

2.56 
3.32 
3.89 

3.21 
3.21 
3.05 

3.09 
3.21 

3.01 
3.35 
3.09 

SETTING ERRORS* 

e 77 
1 - 0 9  
1.28 

.65 

.80 
e 77 

1.29 

1.11 
.93 
.83 

.97 

.84 

.88 

.90 

.95 

*Mean a b s o l u t e  d e v i a t i o n  from command. 

7-21 



7 a 3 e 2 TWO-HAND TASK (Continued) 

RESTRAINTS - The th ree  measures noted d id  no t  reveal any important d i f fe rences  
regarding t h e  th ree  r e s t r a i n t  condi t ions,  Apparently, f o r  a s t a t i c  t a s k  
of t h i s  na ture ,  any r e l a t i v e l y  s t a b l e ,  one-point r e s t r a i n t  i s  sa t i s f ac to ry .  

ACCESS - No important performance d i f fe rences  were noted f o r  t h i s  variable., 
The l imi t ed  access condi t ion d id  not  degrade performance f o r  t h i s  s t a t i c  
test of accuracy as i t  d id  i n  t h e  dynamic accuracy required by t h e  Pre- 
cise Hand Movement Task, 

TEST POINTS - Some minor performance d i f fe rences  can be noted f o r  t he  th ree  
d i f f e r e n t  test  poin ts ,  but  they w e r e  no t  f e l t  t o  be of any important 
value e 

I n  summary, t h e  Two-Hand Task d i f f e r e n t i a t e d  s i g n i f i c a n t l y  and important ly  
between d i f f e r e n t  s imulat ion modes and between s h i r t s l e e v e  (IVA) and su i t ed  (EVA) 
condi t ions,  I n  addi t ion ,  f o r  a prec is ion ,  s ta t ic  task ,  it w a s  discovered t h a t  a 
r e l a t i v e l y  s t a b l e  one-point r e s t r a i n t  of any type i s  s a t i s f a c t o r y ,  and t h a t  t he  
ex is tence  of a r e s t r i c t e d  access (similar t o  t h e  r e s t r i c t i o n  used i n  t h i s  experi- 
ment) does not degrade performance of such a task.  

Task Recommendations: The experiment procedure may be s impl i f ied  by: 

Using only one test poin t ,  

Although f u r t h e r  s impl i f i ca t ion  can be gained by using only one r e s t r a i n t  
condi t ion and one access condi t ion,  it i s  recommended t h a t  these  va r i ab le s  be 
re ta ined .  They are necessary f o r  o ther  tasks and the re fo re  represent  no real 
increase i n  complexity f o r  t h i s  task.  The t i m e  savings i n  t h e i r  de l e t ion  would 
be s m a l l  (only about 1 minute pe r  session)  and t h e i r  r e t en t ion  would allow a 
chance t o  confirm the  f ind ings  here  concerning performance of s ta t ic ,  p rec i s ion  
t a sks  e 

The t a s k  te lemetry may be s impl i f ied  by el iminat ing:  

Number of broken contacts ,  
Duration of broken contacts .  

These measures provided no meaningful information. 

7 , 3 . 3  PRECISE FORCE TASK 

Table 7-7 summarizes the  r e s u l t s  of t he  P rec i se  Force Task. The t a b l e  e n t r i e s  
have the  usua l  i n t e r p r e t a t i o n  and represent  t he  mean absolute  devia t ion  of t he  
average fo rce  exerted from the  commanded force.  

There i s  a c r i t i c a l  assumption t h a t  should be noted when da ta  from d i f f e r e n t  
Since r e s t r a i n t  condi t ions and d i f f e r e n t  fo rce  d i r ec t ions  are averaged toge ther ,  

t h e  commanded va lue  f o r  t hese  d i f f e r e n t  condi t ions vary, i t  is  assumed t h a t  t he  
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TABLE 7-7 

MODES 

SUITS 

RESTRAINTS 

POSITIONS 

RESULTS SUMMARY - PRECISE FORCE TASK 

VARIABLE 

I-G 
NBS 
6 DOF 
KC-13 5 

ss 
A7L 
AES 

w 
S 
W&S 

Center 
Upper Rt. 

MEAN ABS. DEV, FROM CMD. 

1.56 Lbs. 
3.40 
2.31 
4.59 

2.91 
2.50 
2.88 

4.86 
2.03 
2.74 

2.52 
3.08 
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7,3,3 PRECISE FORCE TASK (Continued) 

three commands present about the same level of stress and complexity to the sub- 
jects, 
previously-collected force emission data using the same selection criteria for 
each combination of restraint and force direction. The assumption, of course, can 
not really be verified, 

This is a reasonable assumption, since the values were selected from 

The results are summarized below for each major experimental condition: 

MODES - Performance differences were statistically significant at a very 
high level ( .005) ,  There was a very large degradation ( 3  to 1) in 
precision force emission capability in the KC simulation compared to 
the 1-G simulation, 

SUITS - No statistical or practical differences occurred across the different 
suit conditions. 

RESTRAINTS - Restraint differences were significant at a .05 level, More 
importantly, this task indicated a phenomenon that occurred in all tasks 
where the restraint was critical to task performance. As expected, the 
waist restraint was not as good a restraint as either the shoe or waist 
and shoe combinations. But, perhaps surprisingly, the waist and the shoe 
combination restraint degraded performance. That is, the scores with the 
waist and shoe combination restraint deviated more from the commanded 
value than they did for the shoe only restraint, This is not an isolated 
effect, as it occurred in all force and torque tasks. The conclusion to 
be drawn is that a shoe-only restraint is more effective than when it is 
combined with this particular waist restraint, even though the latter 
represents a two-point body-anchoring system, 

POSITIONS - A 20% performance degradation occurred when the force receiver 
was moved from the center to the upper right position. While this alone 
is not indicative of asly problems with the major experimental variables, 
it does provide objective quantification of a useful performance parameter. 

Interestingly, the performance degradation was well over 20% in the waist 
and waist and shoe restraint conditions, but almost negligible in the shoe 
restraint only condition, 

In summary, the Precise Force Task differentiated significantly and meaning- 
fully between the different simulation and restraint conditions. Once again, a 
simulation effect is definitely influencing performance. The inadequacy of the 
particular waist restraint used showed up clearly (as it will in other tasks). 

Task Recommendations: No changes are recommended €or this task, 

7,3,4 SUSTAINED AND IMPULSE FORCE TASK 

Table 7-8 summarizes the results of the sustained and impulse force task, 
Note that no data is reported for the KC simulation. During data analysis, the 
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TABLE 7-8 

MODES 

SUITS 

RESULTS SUMMARY - SUSTAINED, IMPULSE FORCE TASK 

RESTRAINTS 

POSITIONS 

VARIABLE 

1-G 
NB S 
6 DOF 
KC-135 

ss 
A7L 
AE S 

W 
S 
W&S 

Center 
Upper Rt. 

SUSTAINED (FIN) 

53.4 Lbs. 
26.0 
29.2 --- 

38.1 
42.8 
38.8 

18.4 
41.3 
46.4 

43.1 
36.0 

IMPULSE (MAX) 

89.1 Lbs. 
86.4 
66.6 --- 
89.1 
88.9 
84.1 

75.0 
91.8 
88.9 

91.1 
84.8 
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7.3-4 SUSTAINED AND IMPULSE FORCE TASK (Continued) 

average forces  f o r  t h i s  mode w e r e  discovered t o  be 50% hipher  than f o r  t he  1-G 
mode ( incons i s t en t  with the  p a t t e r n  displayed by t h e  o the r  modes) and almost 
twice as high as the  average fo rces  recorded i n  the  o the r  zero-g simulations. 
Although it  could not  be checked, t he  da t a  w e r e  r e j ec t ed  on t h e  assumption t h a t  
t h e  f l i g h t  recorder  w a s  no t  funct ioning properly. 
assume t h a t  t h i s  d a t a  is unre l i ab le  while s t i l l  accept ing the  da t a  f o r  t he  p r e c i s e  
fo rce  tr ials and f o r  t he  torque tr ials (which were no t  a t  a l l  cons is ten t  with t h e  
behavior of t h i s  data) .  I n  these  cases, the  fo rce  and torque emissions would 
correspond t o  t h e  lower 113 of t h e  5-volt te lemetry s i g n a l  range. But i n  the  
sus ta ined  and impulse fo rce  trials t h e  s i g n a l s  would correspond t o  the  upper 113 
of  the  te lemetry range. I f  the  d i f f i c u l t y  i n  t h i s  t a sk  w e r e  assoc ia ted  with 
recorder  malfunction a t  t h e  higher  vol tages ,  i t  would be  not iced  only i n  t h i s  
task.  Most o the r  te lemetry cons i s t s  of t h e  "ON-OFF" type of s i g n a l  where t h e  
he ight  of t h e  s i g n a l  is of no concern. 

It is  e n t i r e l y  p l aus ib l e  t o  

Because of t h e  value of fo rce  emission da ta  t o  spacecraf t  designers  and 
mission planners ,  t h e  fo rce  da ta  i s  presented i n  Figure 7-7. 

The r e s u l t s  are summarized below f o r  each major experimental condition: 

MODES - Performance d i f fe rences  across  s imulat ion modes were s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t he  .005 level f o r  Sustained forces  and the  .01 level 
f o r  Impulse forces .  As should be expected, the  degradation f o r  sus- 
ta ined  forces  w a s  much more se r ious  than f o r  impulse forces ,  
l a t e d  zero-g modes(NBS and 6 DOF) displayed approximately a 50% reduc- 
t i o n  from the  one-g sus ta ined  fo rce  emission capabi l i ty .  However, t he  
degradation of impulsive fo rce  generat ing capab i l i t y  as a func t ion  of 
going from the  one-g t o  the  simulated zero-g mode w a s  not near ly  so  
severe. 
forces  over sus ta ined  fo rces  i n  t h e  NBS and 6 DOF simulat ions is con- 
s i s t e n t  with test r e s u l t s  obtained from previous s tud ies .  

The simu- 

The almost 2-112 t o  1 increased capab i l i t y  t o  exe r t  impulse 

This t a s k  pointed out  an i n t e r e s t i n g  d i f f i c u l t y  with 6 DOF simulation,, 
Unlike o the r  s imulat ion modes, when the  subjec t ' s  body reacted t o  a 
fo rce  emission, not  only w a s  i t  necessary f o r  him t o  regain cont ro l  
of h i s  body, bu t  he a l s o  had t o  s top  t h e  movement of t he  e n t i r e  f ree-  
swinging 6 DOF r ig .  The momentum of t h i s  r i g  can make regaining con- 
t r o l  a d i f f i c u l t  task.  The p o t e n t i a l  r e s u l t  is  t h a t  some p a r t  of t h e  
subjec t ' s  body o r  t he  r i g  may c o l l i d e  with t h e  support ing s t ruc tu re ,  
e i t h e r  i n ju r ing  t h e  subjec t  o r  damaging the  equipment, 
he re  is t h a t  t h i s  p o t e n t i a l  i s  apparent t o  the  sub jec t  and causes him 
t o  ease up i n  h i s  t a s k  performance. 
found i n  a direction-by-direction comparison of impulse forces .  
r i g h t ,  l e f t ,  up and down d i r ec t ions  fo rce  emissions were much g rea t e r  
(20-50%) i n  NBS than i n  6 DOF. 
r eac t ion  is  s t r a i g h t  back and f o r t h  and where the  w a i s t  r e s t r a i n t  essen- 
t i a l l y  s tops  backward r eac t ion  t o  a push force)  t he  e f f e c t  is not  as 
not iceable .  I n  sus ta ined  forces ,  where body r eac t ion  is  not  so  v io l en t ,  
t h e  e f f e c t  is a l s o  not  as not iceable .  

The hypothesis 

Support f o r  t h e  hypothesis is  
I n  t h e  

I n  t h e  Push-Pull directions(where body 
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INSTRUCTIONS FOR USE OF FIGURE 7-7 

The next s i x  pages contain summary da ta  of t h e  sustained and impulse force 
task,  
which c o n s i s t s  of t h e  average of da ta  from the 6 DOF and Neutral  Buoyancy simu- 
l a t i o n s ,  It w a s  deemed necessary t o  present  average d a t a  f o r  these two simcla- 
t i o n s  s i n c e  n e i t h e r  case alone is  necessa r i ly  r ep resen ta t ive  of the t r u e  0-g 
s i t u a t i o n ,  

The da ta  are presented f o r  t h e  one-g case and f o r  a simulated 0-g case 

The d a t a  a r e  presented using a v e r t i c a l  bar-graph format, which i s  in t e rp re t ed  
a s  follows: 

FORCE RECEIVER POSITION 

Center- Upper Right 

Maximum force  recorded Maximum force  recorded 

Average force  recorded h e r a g e  force  recorded 

Minimum force  recorded Minimum force  recorded 

"Center" r e f e r s  t o  a pos i t i on  where t h e  force  receiver  handle is  located 
d i r e c t l y  i n  f r o n t  of t h e  subjec t ' s  r i g h t  nipple;  ''upper r ight"  loca tes  the  handle 
about 15" above and 6" t o  t h e  r i g h t  of t h e  center  posi t ion.  
conditions a r e  c l e a r l y  labeled on t h e  chart .  

A l l  o ther  experimental 
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7.3.4 SUSTAINED AND IMPULSE FORCE TASK (Continued) 

SUITS - Different suit conditions did not affect force emission capability, 
RESTRAINTS - Performance differences were statistically significant at the 

.01 level for sustained forces, but not significant for impulse forces. 
The practical significance of these differences again indicated that 
the waist restraint combined with the shoe restraint results in a 
degradation of performance. This result did not appear in the impulse 
forces, where, as the statistical test shows, restraint conditions did 
not really affect performance, 

POSITIONS - As in precise forces, a consistent performance degradation was 
noted when the force receiver was moved to the upper right position. 
These measures quantify this degradation as an astronaut works in a 
less-than-optimal position in the reach envelope. 

In summary, this task presented further substantiation of simulation and 
An additional conclusion noted from this restraint effects upon performance. 

task was the existence of much slower (30%) response times in zero-g simulations 
than in the 1-g case. 

Task Recommendations: No major changes are recommended for this task. It is 
suggested, however, that FIN (for sustained forces) 
and response time are the only necessary measures, as other measures present only 
redundant or superfluous information. 

MAX (for impulse forces) 

7.3-5 PRECISE TORQUE TASK 

The results for the Precise Torque Task are summarized in Table 7-9 and below: 

MODES - Performance differences across modes were not statistically signifi- 
cant, However, large differences in magnitude were noted with 25 to 
100% increase in deviations when going from the 1-G to the simulated 
zero-g modes 

SUITS - Performance differences across suits were statistically significant 
at the .05 level. 
can be drawn, particularly since the differences were not consistent 
with those found in the Precise Force Task, However, it should be noted 
that the mean deviations increased approximately 40% when going from the 
shirtsleeve to the suited conditions. 

The differences are large, but no strong conclusions 

RESTRAINTS - Performance differences across restraint conditions were not 
statistically significant. However, once again, it is noted that the 
shoe restraint alone is better than the waist and shoe combination, 
both of which are better than the waist restraint only. 
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MODES 

SUITS 

RESTRAINTS 

POSITIONS 

TOOLS 

TABLE 7-9 

RESULTS SUMMARY - PRECISE TORQUE TASK 

VARIABLE MEAN ABS. DEV. FROM CMD. 

1-G 
NBS 
6 DOF 
KC-135 

ss 
A7L 
AES 

W 
S 
W&S 

Center 
Lower Left 

L-Handle 
T-Handle 

7-35 

7.5 In-Lbs. 
14.8 
9.4 

10.3 

7-8 
31.4 
10.5 

11.0 
8.5 
9.9 

8.6 
10.5 

11.1 
8.0 



7.3.5 PRECISE TORQUE TASK (Continued) 

POSITIONS - A degrada t ion  i n  p r e c i s e  to rqu ing  performance i s  noted when 
t h e  f o r c e  receiver i s  moved from t h e  c e n t e r  t o  t h e  lower l e f t  p o s i t i o n .  
This  d i f f e r e n c e  could n o t  be t e s t e d  s t a t i s t i c a l l y  using t h e  tests 
desc r ibed  p rev ious ly .  The l a r g e  d i f f e r e n c e  (approximately 20%) is  
probably due i n  p a r t  t o  t h e  fact  t h a t  t h e  p r e c i s e  readout  meter is  no 
longer  d i r e c t l y  i n  f r o n t  of t h e  s u b j e c t .  

TOOLS - The d i f f e r e n t  performance f o r  t h e  two t o o l  cond i t ions  a l s o  could 
n o t  be  t e s t e d  s t a t i s t i c a l l y .  However, t h e  r e s u l t s  are n o t  u n l i k e  what 
should be expected f o r  t h e s e  cond i t ions  and i n d i c a t e  a 40% degrada t ion  
i n  e x e r t i n g  p r e c i s e l y  c o n t r o l l e d  t o r q u e s  when going from a T-handle t o  
an L-handle lever arm. 

I n  summary, t h i s  t a s k  p re sen ted  some meaningful r e s u l t s .  However, t h e s e  
r e s u l t s  add no th ing  t o  those  a l r e a d y  found i n  t h e  P r e c i s e  Force Task and i n  t h e  
o t h e r  tasks .  A l l  of t h e  experimental  c o n d i t i o n s  eva lua ted  h e r e  are eva lua ted  
elsewhere and wi th  b e t t e r  r e l i a b i l i t y  t han  t h i s  t a s k  o f f e red .  

Task Recommendations: A s  a r e s u l t  of t h i s  a n a l y s i s ,  i t  is  recommended t h a t  
t h i s  t a s k  b e  dropped. 
t h e  experiment procedures  and performance t ime-l ine by a s l i g h t  amount. 

This  p r e s e n t s  no hardware o r  t e l eme t ry  savings.  It reduces 

7.3.6 SUSTAINED AND IMPULSE TORQUE TASK 

The r e s u l t s  of t h e  Sus t a ined  and Impulse Torque emissions are summarized i n  
Table  7-10. 
Sus t a ined  and Impulse Force Task. 
however, first because i t  i n c r e a s e s  confidence i n  conclusions about t h e  major 
experimental  c o n d i t i o n s ,  and second because bo th  to rque  and f o r c e  d a t a  a r e  inher-  
e n t l y  v a l u a b l e  t o  s p a c e c r a f t  des igne r s  and mission planners .  
t o rque  emission d a t a  i s  summarized i n  F igu re  7-8. 

The comparative f i n d i n g s  e s s e n t i a l l y  confirm t h e  r e s u l t s  of t h e  
Data c o l l e c t e d  i n  bo th  t h e s e  t a s k s  i s  v a l u a b l e ,  

Because of t h i s  va lue ,  

The s i g n i f i c a n c e  of t h e  r e s u l t s  f o r  t h i s  t a s k  is d i scussed  below: 

MODES - Performance d i f f e r e n c e s  a c r o s s  s i m u l a t i o n  modes were s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  .01 level f o r  s u s t a i n e d  to rques  and t h e  .005 level 
f o r  impulse torques.  As  i n  t h e  f o r c e  t a s k ,  6 DOF performance w a s  con- 
s i s t e n t l y  much lower than  performance i n  t h e  o t h e r  0-G s imula t ion  modes, 
l e n d i n g  f u r t h e r  credence t o  t h e  hypo thes i s  t h a t  s u b j e c t s  t end  t o  a l low 
t h e i r  performance t o  b e  a f f e c t e d  by t h e  p o t e n t i a l  dangers involved i n  
6 DOF s imula t ion .  
b i l i t y  i s  approximately 50% g r e a t e r  t han  s u s t a i n e d  to rqu ing  c a p a b i l i t y  e 

This  f i n d i n g  is a l l  t h e  more i n t e r e s t i n g  s i n c e  p rev ious  s t u d i e s  and 
r e s u l t s  have demonstrated almost a 2-112 t o  1 r a t i o  i n  f a v o r  of impul- 
s i v e  vs. s u s t a i n e d  f o r c e s .  Suggested h e r e  i s  t h e  r e s u l t  t h a t  an a s t r o -  
naut  can more c l o s e l y  s u s t a i n  h i s  maximum to rqu ing  c a p a b i l i t y  than  he 
can h i s  maximum f o r c e  producing c a p a b i l i t y .  An a d d i t i o n a l  f i n d i n g  i s  
t h a t  s u s t a i n e d  and impulsive to rqu ing  c a p a b i l i t y  are r e l a t i v e l y  insen- 
s i t i ve  t o  d i f f e r e n t  s i m u l a t i o n  modes(1ess than 15% v a r i a t i o n  from 1-g t o  
t h e  s imulated 0-g modes when t h e  6 DOF s imula t ion  i s  ignored) .  

It should a l s o  b e  noted t h a t  impulsive t o r q u i n g  capa- 
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INSTRUCTIONS FOR USE OF FIGURE 7-8 

The n e x t  s ix  pages c o n t a i n  summary d a t a  of t h e  s u s t a i n e d  and impulse to rque  
The d a t a  are p resen ted  f o r  t h e  one-g and f o r  a s imulated 0-g case which task .  

c o n s i s t s  of  t h e  average of d a t a  from t h e  KC-135, 6 DOF and N e u t r a l  Buoyancy simu- 
l a t i o n s .  It w a s  deemed necessa ry  t o  p r e s e n t  average d a t a  f o r  t h e s e  t h r e e  simula- 
t i o n s  s i n c e  no s i n g l e  c a s e  i s  n e c e s s a r i l y  r e p r e s e n t a t i v e  of t h e  t r u e  0-g s i t u a t i o n .  

The d a t a  are p resen ted  us ing  a vertical  bar-graph format,  which i s  i n t e r p r e t e d  
as fol lows:  

FORCE RECEIVER POSITION 

Center  Lower Left: 

Maximum f o r c e  recorded - Maximum f o r c e  recorded 

Average f o r c e  recorded - e+=- Average f o r c e  recorded 

Minimum f o r c e  recorded 1--9 QlpID Minimum f o r c e  recorded 

Center" r e f e r s  t o  a p o s i t i o n  where t h e  f o r c e  receiver handle  i s  l o c a t e d  11 

d i r e c t l y  i n  f r o n t  of t h e  s u b j e c t ' s  r i g h t  n i p p l e ;  "lower l e f t "  l o c a t e s  t h e  handle  
about 12" below and 15" t o  t h e  l e f t  of t h e  c e n t e r  p o s i t i o n .  
mental  cond i t ions  are c l e a r l y  l a b e l e d  on t h e  c h a r t .  

A l l  o t h e r  experi-  
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TABLE 7-10 

MODES 

SUITS 

RESULTS SUMMARY - SUSTAINED, IMPULSE TORQUE TASK 

VARIABLE 

1-G 
NBS 
6 DOF 
KC-135 

ss 
A7L 
AES 

RESTRAINTS W 
S 
W&S 

POSITIONS Center 
Lower L e f t  

TOOLS L-Handle 
T-Handle 

SUSTAINED (FIN) 

241.7 In-Lb. 
212 e 5 
163 e 0 
223-5 

218,3 
208.7 
220,3 

140.9 
231 4 
228.7 

193.7 
238.3 

283,9 
148.2 

IMPULSE (MAX) 

352,5 In-Lb. 
369 e 3 
242,O 
352.0 

334.7 
319 1 
344.6 

298.7 
347.0 
329 e 8 

266.9 
398,9 

470.9 
194.8 
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7,3.6 SUSTAINED AND IMPULSE TORQUE TASK (Continued) 

SUITS - As with force emission capability, different suit conditions did not 
differentially affect torque emission capability. However, the 50% 
improvement in impulsive torquing ability over sustained torquing ability 
ability continued to be evident. 

RESTRAINTS - The results of restraint conditions also duplicated force task 
results. Performance differences were significant at the $005 level for 
sustained torques but not significant for impulsive torques. The inef- 
fectiveness of the waist restraint for sustained torque emission is again 
exemplified as well as the impulsive vs, sustained relationship noted 
above 

POSITIONS - The lower left position permitted much greater torque emission than 
the center position. This reflects that in the center position, only arm 
muscles can be used €or torquing; with the receiver in the lower left 
position, all the back and shoulder muscles are brought into use. 

TOOLS - The direction of the difference in torque emission capability as a 
function of tools is as expected. The task, however, provides objective 
quantification of the magnitude of this difference. 

In summary, this task provided confirmation of the results of the force emis- 
sion task. In addition, it provides useful design data relevent to the magnitude 
of the torques that can be generated and sustained under specific combinations of 
conditions a 

Task Recommendations: No major recommendations are made for this task. The 
measures "MIN" and "MAX TIME" may be deleted, but this represents no changes for 
the telemetry list, 

7.3,7 TIME DATA RESULTS 

Several elements of the experimental sequence were evaluated only by the time 
The main significance of such results was related to required to perform them, 

suit and simulation conditions. 

Removal of the Task Panel cover (Gain Access Task) took twice as long in the 
AES suit and three times as long in the A7L suit as did the shirtsleeve condition. 
Similarly, force receiver module removal/replacement took twice as long in the AES 
suit and 2.2 times as long in the A7L as did the shirtsleeve condition, The 
removal/replacement of the Precise Hand Movement module revealed no significant 
conclusions across any experimental variables, 

No significant conclusions could be drawn from the restraint installacion and 
removal tasks, Basically, this type of task is too dependent upon the specific 
nature of the equipment being used to permit extrapolation of any general conclu- 
sions 
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7,3,7 TLME DATA RESULTS (Continued) 

The time results of the Operational Maintenance Task indicated a two-to-one 
ratio between performance in a suited condition vs. a shirtsleeve condition. No 
differences, however, were noted between the two different suits, The only other 
important result from this task confirmed the existence of a simulation effect 
upon performance, with the KC simulation resulting in the fastest task time, 

7,3,8 QUESTIONNAIRE DATA RESULTS 

The questionnaires, presented in Table 5-1, were analyzed to discover any 
additional important results or conclusions, 
differences were noted across simulation modes or across restraint conditions, 
However, a strong preference for the AES suit over the A7L suit (significant at 
the -01 level) was noted in the 1-G simulation. It cannot be inferred, of course, 
that this preference will carry over into the zero-g condition. 

No statistically significant response 

7,3,9 SUMMARY RESULTS 

All of the tasks evaluated above were found to meaningfully differentiate 
between simulation modes. Generally, the KC-135 simulation caused subjects to 
hurry through :heir tasks. 
to be conservative in their force and torque emissions. Without flight validation 
data, however, it is impossible to conclude which simulation mode (if any) best 
represents the true zero-g condition, The important conclusion here is that there 
is an effect upon performance due to the nature of the simulation technique and 
this experiment is capable of detecting that effect. 

It was also found that 6 DOF simulation caused subjects 

Suit differences were noted mainly from the Two-Hand Task and the Precise 
Hand Movement Task. Although some of these results were clearly important, it is 
apparent that a total suit evaluation objective cannot really be satisfied only 
by performing worksite-limited tasks. It is recommended that some non-worksite 
tasks be devised to improve this capability. 

The force and torque emission tasks provided reliable and important conclu- 
sions regarding the restraint systems used, 
waist restraint performed quite poorly, but the model used was a prototype and not 
the electrically operated unit originally intended for this experiment. Also, the 
Dutch Shoes should be redesigned to better accommodate the AES suit,, 

It is important to note that the 

The Two-Hand Task indicated that, of the restraints evaluated, no important 
Negative conclusions such as these are of value, performance differences arose. 

since this indicates that the nature of the restraint is not a prime consideration 
for performance of a relatively static two-hand coordination task. 
important conclusion is that the tasks are capable of evaluating the effectiveness 
of alternative restraint systems, 

Again, the 

In conclusion, the implementation of the recommendations contained throughout 
Section 7 will definitely result in an efficient and effective Experiment M!j08 
which will indeed evaluate the selected pieces of EVA hardware (especially suits 
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7,3.9 SUMMARY RESULTS (Continued) 

and restraints) satisfy the objectives of the Simulation Technique Evaluation 
Program, and provide useful design data on EVA/IVA performance capabilities in 
the zero-gravity environment. 
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SECTION 8 

HANDBOOK OF HUMAN ENGINEERING DESIGN DATA 
FOR REDUCED GRAVITY CONDITIONS 

The handbook contained i n  Volume I11 of t h i s  repor t  w a s  prepared as a "level 
of e f fo r t "  development i n  conjunction wi th  the experimental design and implemen- 
t a t i o n  phases of t h i s  s tudy program. The primary purpose w a s  t o  develop a hand- 
book of human engineering da ta  f o r  t he  use  of engineers ,  designers ,  and human 
f a c t o r s  s p e c i a l i s t s  during the  developmental and d e t a i l  design phases of manned 
spacecraf t  programs, 
of t he  s t r u c t u r e ,  p resenta t ion  format, material s e l e c t i o n  and da ta  content  of t h e  
f i n a l  product: 

The following goals  w e r e  s e l ec t ed  t o  guide the  development 

To c o l l e c t  i n  a s i n g l e  volume t h e  bes t  "state-of-the-art" quanti- 
f i a b l e  da ta  pe r t inen t  t o  Human Engineering Design f o r  Reduced 
Gravity Conditions, 

To express t h i s  da ta  i n  a format which could be r ead i ly  u t i l i z e d  
by t h e  l a r g e s t  poss ib le  cross-sect ion of var ious profess iona l  and 
l a y  s p e c i a l t i e s  t h a t  have some r o l e  i n  designing f o r  man i n  the  
extraterrestrial environment. 

To minimize desc r ip t ive  prose t o  those areas where f i n i t e  oper- 
a t i o n a l  processes  o r  d e f i n i t i o n s  are involved r a t h e r  than quan- 
t i f i e d  da ta ,  

8 , l  HANDBOOK DEVELOPMENT 

I n  t h e  process of def in ing  the  probable usage of t h i s  t ex t ,  it w a s  determined 
t h a t  t he  b a s i c  handbook would no t  only be used as an a u t h o r i t a t i v e  re ference  
source f o r  i nd iv idua l  designers  i n  respec t  t o  e s t ab l i sh ing  spec i f i ca t ions  and 
requirements f o r  phys ica l  manlmachine in t e r f aces ,  but  could a l s o  provide the  
bas i s  f o r  s t anda r i za t ion  of opera t iona l  pro tocol  development. The publ ica t ion  
and common use  of a u t h o r i t a t i v e  absolute  desc r ip to r s  of t h e  var ious needs, capa- 
b i l i t i e s  and to le rances  of crewmen might a l s o  provide t h e  b a s i s  for t h e  es tab l i sh-  
ment of s tandar ized  levels of c a p a b i l i t i e s  f o r  descr ib ing  crew s e l e c t i o n  and 
t r a in ing  cri teria i n  respec t  t o  the  designat ion of s p e c i f i c  ma in ta inab i l i t y  t a sks  
t o  ind iv idua l  crewman. With t h i s  i n  mind, i t  w a s  decided t o  follow the  precedents 
set by such documents as the  Handbook of Chemistry and Physics, Biology Data 
Book, etc., i ,e , ,  t he  se l ec t ed  format f o r  t he  document should cons is t  of a repos- 
i t o r y  of de t a i l ed ,  quan t i f i ed  da t a  i n  t abu la r  o r  graphic  form whenever possible .  

A secondary purpose w a s  a l s o  i d e n t i f i e d ,  namely, a need t o  provide a s i n g l e  
and comprehensive document f o r  use i n  manned EVA design ac t iv i t ies  by the  neophyte 
o r  newcomer t o  the  f i e l d  i n  order  t h a t  he might be made aware of those areas where 
the  presence of a human worker could and should inf luence  t h e  design of o r b i t a l  
hardware o r  processes. The f i n a l  document, therefore ,  must provide r e a d i l y  acces- 
s i b l e  de t a i l ed  da ta  descr ibing a l l  pe r t inen t  func t iona l  o r  s u r v i v a l - c r i t i c a l  
i n t e rac t ions  between man, h i s  working environment, h i s  veh ic l e  and support hard- 
wares 

While, as previously s t a t e d ,  i t  is  hoped t h a t  widespread u t i l i z a t i o n  of t h e  
t e x t  material w i l l  permit s t anda r i za t ion  of  design p rac t i ce  i n  respect  t o  vehic le ,  
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8,l HANDBOOK DEVELOPMENT (Continued) 

equipment, and operations, the document must also be capable of providing custom- 
tailored specifications for unique mission/equipment/environment interactions. 

8.2 DATA COLLECTION 

Literature searches were requested from the National Aeronautics and Space 
Administration's Scientific and Technical Information Division as well as the 
Defense Documentation Center (DDC) regarding human performance in a reduced grav- 
ity environment. These searches were reviewed, and those items that appeared to 
contain required human performance data were ordered for review, The services of 
the Tufts University Human Engineering Information and Analysis Service (HEIAS) 
were also utilized during this effort. Volumes I and I1 of the HEIAS bibliogra- 
phies were searched for space-related categories most relevant to the task. As 
a result of this search, a printout of approximately 500 references was developed, 
Items to be entered into the upcoming Volume I11 of the HEIAS Bibliography were 
also reviewed for relevancy. The NASA and DDC searches were arranged in ascending 

STAR" accession numbers, respectively, when they were received. The basic "AJ)" t1 

HEIAS system carries the titles and abstracts of documents by accession number 
but cross-indexes the accession numbers of the documents by an alphabetical 
listing of primary categories relevant to human factors interests. In order to 
eliminate title duplication and facilitate the location of titles and abstracts, 
the HEIAS system was utilized as the basic collation system. 

The fact that the DDC, NASA, and HEIAS information sources had different 
cutoff dates was considered, and an effort to complement the searches insofar as 
possible was made. 
of the search was completed and a three-way cross-reference system established 
between DDC, STAR and HEIAS accession numbers. 
mately a 50 percent sam?ling of STAR accession numbers indicated that routine 
acquisition of NASA reports was fairly complete and current for HEIAS. An item- 
by-item check against DDC search was undertaken, and items which were either 
missing from, or possibly not yet processed through, the HEIAS system were ordered 
and examined, 

This could not be accomplished until nearly all the major work 

An informal check from approxi- 

A basic review of currently available documentation was initiated, and basic 
data regarding human operator performance was collected. In this effort, the 
goal was to primarily gather empirical or sxperimental data generated in an actual 
or simulated reduced gravity environment, 

8,3 DATA APPLICATION 

It was felt that a document of this type should permit deliberate and detailed 
data to be available for four basic tasks that are currently deemed necessary when 
designing for maintainability in a manned orbiting system. 
ability potential, the following discrete tasks must be accomplished: 

For optimum maintain- 
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8 .3  DATA APPLICATION (Continued) 

Task A, 

Task B. 

Task C. 

Task D. 

The vehicle and all its subsystem housekeeping, structural, and 
mission-related hardwares must be deliberately analyzed in respect 
to the possibility of needing in-orbit maintenance, In those 
instances where maintenance during orbital operations is deemed 
both possible and feasible, specific efforts must be expended in 
order to ensure ease of diagnostics, access, institution of cor- 
rective procedures, and checkout capabilities. These hardware 
designs shall also consider packaging and general corrective pro- 
cess es involved in respect to minimizing "unique'' technological 
skills, special tooling, instrumentation, facilities, and man-hours 
necessary to effect the repairs while maximizing the safety and 
efficiency of access to the work site. 

The designer shall detail all crew support facilities and equ5pments 
necessary to accomplish the transport, restraintltethering of the 
crewman and his materials at the work sites, as well as to provide 
an environment that is conducive to both work and survival. 

The responsible system designers shall develop specifications 
necessary to describe the physical and functional characteristics 
of the maintenance interface including sizing, configuration, and 
information flows across the manlmachine interfaces at the various 
potential work stations. 

The designers must, as part of their maintainability tradeoffs, 
consider the capabilities of man in light of the constraints im- 
posed by the system and the environment in the design and assign- 
ment of maintenance roles to the "orbital man". 

To reiterate, the large preponderance of material selected for this document 
is expressed in graphic and/or tabular form with prose commentary' limited to ex- 
planations of techniques utilized in the application of specific data. Prose is 
also utilized in "term definition" as indicated, 

8 - 4  HANDBOOK ORGANIZATION 

In selecting the basic generic headings for Human Engineering Handbook, heavy 
emphasis was placed on potential usage. 
related to the description of human characteristics. Provisions are made for 
information which will permit allowances for man's physical and functional dimen- 
sional requirements as well as descriptors of his general motor, sensory, and 
cognitive performance capability. Information regarding his tolerance to various 
forms of physical, emotional, and environmental stressors are also provided in 
this section. 

Section 1 contains that information 

Section 2 has provisions for absolute value data which describes the composi- 

Data in this area involves discussions concerning the design 
tion and the various phenomena present in the orbital intravehicular and extrave- 
hicular environment, 
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8,4 HANDBOOK ORCANIZATION (Continued) 

requirements f o r  t he  in t r aveh icu la r  environment r e l a t e d  t o  atmospheric cont ro l ,  
i l lumina t ion  levels, rotat ional .  dynamics and h a b i t a b i l i t y ,  Extravehicular  environ- 
mental considerat ions involve d a t a  on space hazards, e f f e c t s  of weight lessness ,  
r ad ia t ion  levels, temperature extremes and i l lumina t ion  f a c t o r s ,  

Sect ion 3 has provis ions f o r  da ta  which w i l l  descr ibe t h e  minimal and/or op- 
t i m a l  phys ica l  and func t iona l  c h a r a c t e r i s t i c s  of hardware design where i t  might 
i n t e r f a c e  with man and modify h i s  performance, 
configurat ional ,  opera t iona l ,  and dynamic considerat ions f o r  t he  vehic le  and a l l  
i t s  f a c i l i t i e s  including unique mission equipments, packaging and access, 

Data i n  t h i s  area includes s i z ing ,  

Due t o  the  ''Level of Effor t"  na ture  necess i t a t ed  by modified funding avail- 
a b i l i t y  during mid-contract, it w a s  decided t o  attempt t o  maximize t h e  f a c t u a l  
content of t he  document ( i n  order  t o  be t r u l y  representa t ive  of the l i t e r a t u r e  
ava i l ab le  as of t h e  cutoff  da t e  of June, 1969) r a the r  than complete t h e  g lossary  
o r  index sec t ion .  It is hoped t h a t  these  shortcomings can be r e c t i f i e d  during 
subsequent update e f f o r t s .  

8.5 RESULTS AND RECOMMENDATIONS 

The r e s u l t s  of t h e  e f f o r t  t o  develop a Handbook of Human Engineering Design 
Data f o r  Reduced Gravity Conditions are presented i n  Vo ume I11 of t h i s  r epor t  
under t h e  above t i t l e ,  This unique, 550 page document rovides  de t a i l ed  and 
d iverse  quan t i f i ed  da t a  on man's c a p a b i l i t i e s  and to le rances  f o r  su rv iva l  and pro- 
duct ive e f f o r t  i n  t he  e x t r a t e r r e s t r i a l  environment, It a l s o  provides quan t i f i ed  
d a t a  and information on t h e  space environment man w i l l  work and l i v e  i n  as well 
as t h e  c h a r a c t e r i s t i c s  of t he  vehicu lar  o r  r e s i d e n t i a l  environment he w i l l  need, 
A de t a i l ed ,  t o p i c a l  Table of Contents has  been developed t o  provide easy and 
e f f i c i e n t  access t o  the  da t a  t o  encourage t h e  u t i l i z a t i o n  of t he  document among 
t echn ica l  and profess iona l  s p e c i a l i s t s  involved i n  the design and cons t ruc t ion  of 
manned spacecraf t .  

Due t o  modifications t o  c o s t s  and funding l e v e l s ,  i t  w a s  decided la te  in t h e  
program t o  s a c r i f i c e  t h e  development of an index and glossary r a t h e r  than modffy 
t h e  depth and breadth of t h e  da t a  presented, A t  t h i s  t i m e ,  it was a l s o  decided 
t o  increase  the  de t a i l ed  s t r u c t u r e  and completeness of t he  Table of Contents t o  
minimize the  e f f e c t  of the  absence of an index, 

Further  savings i n  funding f o r  use i n  da ta  co l l ec t ion  and presenta t ion  w e r e  
made by minimizing publ ica t ion  cos t s  via  the  use  of secretarial typing t i m e ,  
d i r e c t  reproduction of graphic  and t abu la r  ma te r i a l  r a t h e r  than r ed ra f t ing  f o r  
common format, and t h e  common l i s t i n g  of re ferences  r a t h e r  than the  o r i g i n a l  con- 
t iguous foo t  no te  referencing o r i g i n a l l y  contemplated. 

Because of t h e  above noted modifications and the  s i g n i f i c a n t  amount of new 
and updated information published annually, i t  i s  recommended t h a t  a year ly  adden- 
dum be published and d i s t r i b u t e d  t o  document holders  and a rev ised  e d i t i o n  be  con- 
s idered  every two(2) years. 
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SECTION 9 

EXPERIMENT 84 A' & B 

9 1 INTRODUCTION 

This experiment was performed to provide one-g and zero-g shirtsleeve base- 
lines for the force emission data collected during Experiment 84A which was per- 
formed at the Narshall Space Flight Center Neutral Buoyancy Facility in Huntsville, 
Alabama, under Contract NAS8-18117 In that experiment "Force Application in 
Simulated Zero Gravity", the effects of restraint, force receiver angle, force 
receiver distance, and handle orientation on force emission capability in the 
pressure suited condition were evaluated. 
extrapolation from 84A, two sampling experiments were performed during this con- 
tract in a format allowing statistical comparison with 84A, 
were called experiments 84Ap and 84B, 
as the baseline for the design of the follow-on studies. 

In order to increase the validity of 

These experiments 
The experimental design of 84A was used 

The resultant data from the original. experiment was of special importance 
to spacecraft designers since it provided the answers to two essential questions: 

a. Given a force generation requirement, what are the accessibility and 
restraint criteria which must be imposed on the workspace envelope? 

be Given a specific workspace envelope and restraint, what are the force 
generation capabilities of an astronaut? 

The two experiments in the current program were intended to provide the 
answer to two additional questions: 

a, What is the effect on man's 1-g baseline force emission capability 
as a result of the zero gravity environment? 

be What is the effect on man's shirtsleeve baseline force emission 
capability as a result of a pressurized space suit, 

9,2 OBJECTIVES 

Measurement of the maximum impulsive and sustained force generation capabi- 
lity of man as a function of the systematic variation of restraint conditions 
will provide the spacecraft designer with comparative data on the relative 
values of specific types of restraint systems, 
location of the force receiver, it is also possible to provide comparative data 
to evaluate the relative effects of accessibility and variations of the work 
envelope on man's force application capabilities, 
selected for testing are not all applicable to present day spacecraft, these 
experiments were designed to generate sufficient information to assist the 
designer in specifying and designing new and better restraint systems than those 
presently available. 
emission capability is required will be possible on a quantitative basis if the 
appropriate data are available, 
a restraint system which controls and/or limits his movements, the availability 
of force emission capability data as a function of force receiver location and 

By varying the orientation and 

While the restraint conditions 

The design of an optimum restraint when a desired force 

Also, since the astronaut will be provided with 



9.2 OBJECTIVES (Continued) 

orientation will assist the designer in the solution of the man/machine inter- 
face problems, Therefore, the major objectives of these experiments are to: 

a, Broaden the force emission capability baseline data to permit extra- 
polation from the shirtsleeve to the pressurized space suit environment. 

b. Broaden the force emission capability baseline data to permit extra- 
polation from the 1-g to the 0-g environment, 

9.2-1 EXPERIMENT 84A' NON-PRESSURE SUITED EXPERIMENT 

The first of the new experiments, 84A', used the non-pressure suited or 

Also, 
shirtsleeve zero gravity environment to provide a baseline with which to evaluate 
the force emission capability loss due to pressure suit restrictions, 
since intravehicular activity (IVA) may be assumed to be more common than extra- 
vehicular activity (EVA) s and since more difficult activities may be scheduled 
IVA because of the less restricting and less hostile environment, quantified data 
concerning force emission capability in the shirtsleeve zero gravity environment 
may be of greater use and application than the data collected already for EVA. 
The design of the shirtsleeve experiment was greatly simplified compared to the 
84A experiment because the results from 84A have been used to delete variables 
or levels of variables which were found to be non-significant with respect to 
astronaut force producing capability. The conduct of the experiment and the 
data reduction are simplified by the use of techniques, computer programs, and 
scheduling criterion available from 84h. 

9-2.2 EXPERIMENT 84B ONE-G BASELINE EXPERIMENT 

The second of the experiments, 84B, was designed to study the effect of 
gravity on force producing capability. Performance of the same conditions used 
in 84A, where possible, in a 1-g environment will allow a quantified comparison 
which may result in a conversion factor or series of conversion factors for 
gathering zero gravity data in a one-gravity environment. A simplified version 
of the 84A protocol was used, dropping the variables found non-significant in 
84A and also the variables which could not be simulated in 1-g (ex: no 
restraint) 

9 . 3  EXPERIMENT DESCRIPTION 

9 3 1 GENERAL DESCRIPTION 

This experiment was concerned with determining the effects of zero-gravity 
on the force-producing capabilities of subjects as a function of the type of 
restraint and simulated conditions of accessibility, In this study, the 
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9 .3  1 GENERAL DESCRIPTION (Continued) 

r e s t r a i n t s  were var ied i n  the  number and locat ion of t he  energy s inks provided 
t o  the  subjec t .  Addit ional ly ,  the  a c c e s s i b i l i t y  condi t ions were evaluated by 
changing the  loca t ion  and o r i e n t a t i o n  of t h e  force  rece iver  with respec t  t o  the  
subjec t  e 

The subjec ts  performed the  tasks  i n  one of two s u i t  modes: 
s u i t ,  pressurized t o  3 . 5  p s i  OK s h i r t s l e e v e ,  Zero gravi ty  w a s  simulated by the  
technique of n e u t r a l  buoyancy submergence. 

Gemini G4C 

The experimental apparatus,  Figure 9-1, was designed t o  provide e f f i c i e n t  
s e l ec t ion  of the  experimental condi t ion combinations by an underwater technician,  
The experimental condi t ion combinations consis ted of e igh t  types of r e s t r a i n t  
( including no r e s t r a i n t ) ,  two force  rece iver  d i s tances ,  and two force receiver  
angles.  Maximum impulse and sustained forces  were obtained from each of two 
subjects  f o r  each experimental condition. Impulsive forces  were defined as the  
peak forces  exerted during a 1.0 second i n t e r v a l ,  while sustained forces  a r e  
defined a s  the  minimum force  maintained over a 4-second in t e rva l .  The required 
fa rces  were applied 3.n push, p u l l ,  l e f t ,  r i g h t ,  up, and down d i r ec t ions ,  a t  a l l  
force rece iver  locat ions.  

P r i o r  t o  each experimental run, the  subjec t  was at tached t o  one of the  
r e s t r a i n t  systems and s t ab i l i zed  i n  f ron t  of the  force rece iver  handle. The 
handle had been previously s e t  a t  one of t he  experimental d i s tances  and angles.  
When a l l  personnel were ready, the  t e s t  d i r e c t o r  i n i t i a t e d  s igna l s  which d i s -  
played on the  subjec t ' s  cue panel t he  required d i r e c t i o n  and type of force  t o  be 
exerted.  Af te r  a 2-second cue time, a "go" s igna l  was displayed t o  the  subjec t ,  
who w a s  ins t ruc ted  t o  exe r t  the  appropriate  force u n t i l  the  "go" s igna l  ex- 
t inguished. Af te r  a s u i t a b l e  r e s t  period, new cue s igna l s  were displayed t o  the  
subjec t ,  and the  above procedure repeated, Af te r  performing 12 t r i a l s  of 
required force  exert ions (sustained and impulse forces  i n  a l l  Six d i r e c t i o n s ) ,  
the  handle o r i en ta t ion  and/or d i s tance  vas changed, and a new sequence of 12 
t r i a l s  begun. An experimental sess ion  consisted of 96 tr ials and the  experiment 
required 12 sessions t o  complete the da ta  co l l ec t ion  across  a l l  experimental 
condi t ions.  

9 e 3 2 EXPERIMENT VARIABLES 

The a b i l i t y  of an as t ronaut  t o  exer t  forces i n  a zero-g environment i s  in-  
fluenced by seve ra l  f a c t o r s ,  some of which are:  

a .  Type of r e s t r a i n t  system 

b, Location and number of r e s t r a i n t  attachment points  

c.  Pos i t ion  and loca t ion  o f  the  body r e l a t i v e  t o  the  force rece iver  
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9.3.2 EXPERIMENT VARIABLES (Continued) 

d ,  Manual o r  t o o l  a s s i s t ed  force requirements 

e ,  Type of force required - impulse or  sustained 

f .  Direct ion of force  appl ica t ion  

g. Location and o r i en ta t ion  of force  receiver  

h. Type of spacesui t  

i. Physical s i z e  of subjec ts  

j .  S u i t  p ressur iza t ion  method 

However, evaluat ing the  e f f e c t s  of a l l  parameters of these var iab les  was 
beyond the  scope of t h i s  experiment. 
i n  t h i s  experiment were: 

The var iab les  se lec ted  f o r  inves t iga t ion  

a .  Type of r e s t r a i n t  system 

b, Receiver angle 

c .  Receiver d i s tance  

d .  Force d i r ec t ion  

e. Force type 

f e Subject .d i f ferences 

g. Su i t  condition 

The ranges of the  var iab les  used i n  t h i s  experiment were se lec ted  with the  
in t en t ion  of e s t ab l i sh ing  the  parameters of the p r inc ipa l  f ac to r s  a f f e c t i n g  
force-emission capab i l i t y  i n  zero-gravity.  
were used i n  these experiments as  were used i n  84A with c e r t a i n  exceptions a s  
described below. 

The same experimental conditions 

9 , 3 , 3  TYPE OF RESTRAINT SYSTEM 

Res t ra in t  is perhaps the  most important va r i ab le  a f f e c t i n g  force-emission 
capab i l i t y  i n  zero-gravity.  The e f fec t iveness  of any given r e s t r a i n t  i s  due t o  
i t s  ef f ic iency  as an energy s ink  and s t a b i l i z e r  i n  r e s i s t i n g  the  e f f e c t s  of t he  
force emitted by the  subjec t  i n  any given d i r ec t ion ,  The r e s t r a i n t s  se lec ted  
f o r  thi ,s  experiment were those which appear t o  be most representa t ive  of the 
current  thinking on probable types and combinations, and include: 
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9 ., 3.3 TYPE OF RESTRAINT SYSTEM (Continued) 

U s e  i n  1-G 

a .  None (no r e s t r a i n t )  No 

b. Handhold only No 

c.  Waist o n l y ( 2  point ,  r i g i d )  No 

d .  Gemini Dutch shoes only Yes 

e. Handhold and w a i s t  No  

f .  Handhold and shoes Yes 

g. Waist and shoes Yes 

h.  Handhold, wais t ,  and shoes Yes 

Note t h a t  i n  t h e  1-G condi t ion only those combinations of r e s t r a i n t s  
involving the shoes were u t i l i z e d .  
conditions i s  described below. 

The implementation of each of the r e s t r a i n t  

9.3.3,l No Res t r a in t  

I n  t h i s  condi t ion,  t h e  subjec t  used the l e f t  handhold and the  force  
r ece ive r  handle t o  pos i t i on  himself properly i n  t h e  apparatus.  The proper 
pos i t i on  required t h a t  t h e  subjec t  s t a b i l i z e  himself v e r t i c a l l y  with h i s  r i g h t  
n ipp le  i n  t h e  plane of the  v e r t i c a l  r e s t r a i n t  support members facing forward 
toward the  cue panel, l e v e l  with t h e  center  of t h e  force r ece ive r  handle. 
Immediately p r i o r  t o  the  app l i ca t ion  of force  (during t h e  2-second cue t i m e ) ,  
the  subjec t  released the  l e f t  h a d h o l d  and maintained contact  with the  force 
receiver  with only t h e  r i g h t  hand. 
could prevent t h e  subjec t  from c o l l i d i n g  with the  apparatus and helped t h e  
subjec t  get  back i n t o  pos i t i on  f o r  the  next force  appl icat ion.  
from s a f e t y  personnel i n  preventing i n j u r y  t o  t h e  subjec t  is  an i n t e g r a l  p a r t  
of t h i s  t e s t  condi t ion,  s i n c e  without such a i d ,  t h e  reac t ion  t o  the forces  
exerted could have caused in jury  t o  the  subjec t  o r  damage t o  t h e  space s u i t .  

The safetymen were posit ioned s o  t h a t  they 

This a s s i s t ance  

9.3.3.2 Handhold Only 

I n  t h e  handhold-only r e s t r a i n t  condition, a s  i n  t h e  no - re s t r a in t  condi t ion,  
p ro t ec t ion  by safetymen w a s  required.  The handhold r e s t r a i n t  was  located 19 
inches forward of t h e  subjec t ' s  l e f t  shoulder,  and i ts  center  w a s  a t  t h e  same 
height  as t h e  center  of t h e  force  receiver  handle. 



9 . 3 . 3 . 3  Waist Only 

The w a i s t  r e s t r a i n t  consis ted of a wide f ab r i c  b e l t  a t tached t o  te lescoping 
metal bars  extending from the  s ides  of t he  support s t r u c t u r e ,  The te lescoping 
bars permitted the  posi t ioning of the  swivel p l a t e s  aga ins t  the  s ide  of the  
pressure s u i t  t o  prevent r o t a t i o n  around the  s a g i t t a l  a x i s  (yaw). 
p l a t e s  permitted the  subjec t  t o  p i t ch  f r e e l y ,  fo re  and a f t ,  around the  ax i s  
formed by the  support  bars .  I n  t h e  case of "pull" forces  which pitched the  
subjec t  toward the  apparatus ,  t he  safetymen prevented him from co l l id ing  with 
the  apparatus.  
such t h a t  t he  center  of the  force rece iver  handle w a s  l eve l  with h i s  r i g h t  
nipple .  The waist  r e s t r a i n t  is shown i n  Figure 9-1. 

The swivel 

The height  of the  wais t  r e s t r a i n t  w a s  adjusted f o r  each subject  

9 . 3 . 3 . 4  Gemini Dutch Shoes Only 

The shoe r e s t r a i n t  used i n  t h i s  s tudy was the  Gemini Dutch Shoes, shown i n  
Figure 9-1. The shoes e f f ec t ive ly  immobilized the  subjec t  aga ins t  up and down 
moveEents and provided a pivot  point  f o r  l e f t ,  r i g h t ,  push and p u l l  forces .  The 
height of the  shoe r e s t r a i n t  was var ied such t h a t  the  center  of the  force  receiver  
handle was a t  the  l eve l  of the  sub jec t ' s  r i g h t  n ipple ,  

9 .3 .3 .5  Handhold and Waist 

This r e s t r a i n t  was a combination of the  handhold and waist  r e s t r a i n t s  and 
represented a two-point energy s ink ,  

9 . 3 . 3 . 6  Handhold and Shoes 

This r e s t r a i n t  was a combination of t he  handhold and Dutch Shoe r e s t r a i n t s  
and represented a two-point energy s ink ,  

9 , 3 . 3 . 7  Waist and Shoes 

This r e s t r a i n t  w a s  a combination of t he  wais t  and shoe r e s t r a i n t s  and repre- 
sented a two-point energy s ink  t h a t  freed both hands f o r  use a t  a work s i t e ,  

9 . 3 . 3 . 8  Handhold, Waist, and Shoes 

This r e s t r a i n t  w a s  a combination of t he  handhold, w a i s t ,  and shoe r e s t r a i n t s  
and represented a three-point  energy s ink ,  
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9,3,4 RECEIVER ANGLE 

The loca t ion  of the  force rece iver  i n  the  subjec t ' s  reach envelope is  a 
major determinant of force emission capab i l i t y .  However, the  extremely high 
number of possible  locat ions prohib i t s  an a l l - i nc lus ive  study of the  e f f e c t s  of 
loca t ion ,  One aspect  of loca t ion  se lec ted  f o r  inves t iga t ion  w a s  the  hor izonta l  
angle subtended by the locat ion of the  force  rece iver  with respect  t o  a fixed 
point  on the  sub jec t ' s  f r o n t a l  plane,  assuming the  subjec t  t o  be or iented 
v e r t i c a l l y .  
shoulder,  with the  arm held s t r a i g h t  out being zero degrees,  A l l  of the  angles 
used were i n  the  plane which w a s  perpendicular t o  the  s a g i t t a l  ax is  and i n t e r -  
s e c t  the sub jec t ' s  r i gh t  nipple .  
indicated t h a t  t he re  w a s  no s ign i f i can t  d i f fe rence  between the  Oo and the  -15' 
rece iver  angles .  
associated with p a r t i c u l a r  experimental condi t ion combinations, however, these 
were not deemed t o  be of s u f f i c i e n t  i n t e n s i t y  t o  warrant f u r t h e r  inves t iga t ion  
a t  t h i s  time, It was decided t o  use only the  -15' and the  45' receiver  angles 
i n  t h i s  experiment. 
a t e s t  over a g rea t e r  experimental range, encompasses the  0' point and therefore ,  
permits g rea t e r  genera l iza t ion  of the da ta .  

The o r i g i n  i n  t h i s  case uses the  reference point of the  r i g h t  

The s t a t i s t i c a l  ana lys i s  of the  84A data  

Closer inspect ion of the  da ta  revealed some small t rends 

The -15O w a s  chosen over 0' because the  -15' t o  45O allows 

9.3.5 RECEIVER DISTANCE 

Another aspect  of a c c e s s i b i l i t y  inves t iga ted  i n  t h i s  experiment was the  
d is tance  from the  subjec t  t o  the  force rece iver .  The i n t e n t  t o  bracket the  
range of possible  d is tances  can be seen i n  the  t h e o r e t i c a l  de f in i t i ons  of the  
th ree  rece iver  d i s tances  chosen f o r  inc lus ion  i n  the  o r i g i n a l  84A experiment. 
The d is tances ,  ca l led  near ,  medium, and f a r ,  were determined t o  sample the  reach 
envelope e 

In  the  s t a t i s t i c a l  ana lys i s ,  rece iver  d i s tance  was not found t o  be s i g n i f i -  
can t ,  but "near" and " far"  had ind iv idua l  advantages i n  c e r t a i n  force d i r ec t ions  
"Near" w a s  determined t o  be 15 inches forward of the shoulder reference point and, 
was defined as the  c loses t  pos i t ion  t h a t  could p r a c t i c a l l y  be reached while 
wearing a pressurized space s u i t ,  This d i s tance  resul ted i n  an elbow angle of 
approximately 90 degrees. "Far" was determined t o  be 24 inches forward of the 
shoulder reference poir . t ,  and was defined as  the  f a r t h e s t  pos i t ion  t h a t  could 
p r a c t i c a l l y  be reached, r e s u l t i n g  i n  an elbow angle of approximately 180 degrees,  
The ac tua l  d i s tance  i n  inches va r i e s  s l i g h t l y  between subjec ts  and was r e s t r i c t e d  
s l i g h t l y  by equipment l imi t a t ions ,  

9 3 6 HANDLE ORIENTATION 

S t a t i s t i c a l  ana lys i s  of the  84A da ta  a l s o  showed no s ign i f i can t  d i f fe rence  
between v e r t i c a l  and hor izonta l  handle o r i en ta t ions ;  however, the  v e r t i c a l  
o r i en ta t ion  appeared t o  be s l i g h t l y  b e t t e r ,  For t h i s  reason the  hor izonta l  
o r i en ta t ion  was dropped and only the  v e r t i c a l  handle o r i en ta t ion  was used i n  
t h i s  experiment. 
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9 3 (I 7 FORCE DIRECTION 

Since force-producing c a p a b i l i t y  var ies  grea t ly  with the  intended d i r e c t i o n  
of force  appl ica t ion ,  subjec ts  i n  t h i s  experiment were asked t o  generate forces  
i n  both d i r e c t i o n s  of the  three  orthogonal axes def ining the locat ion of the  
force rece iver ,  The d i r e c t i o n s  of force  app l i ca t ion  w e r e :  

a .  Push 

b. P u l l  

c, Left  

e Right 

e, Up 

f ,  Down 

9 .3 ,8  FORCE TYPE 

Two types of d a t a  concerning force-emission c a p a b i l i t y  a r e  e spec ia l ly  use- 
f u l  t o  t h e  designer of advanced space systems. These a r e  impulse and sustained 
forces ,  with t h e  former defined as the peak force t h a t  is exerted during a 
1-second i n t e r v a l ,  and the  l a t t e r  defined as the  maximum force capable of being 
maintained during a 4-second i n t e r v a l .  
of emission w i l l  al low the  equipment designer t o  answer t h e  questions:  

Quant i ta t ive d a t a  f o r  these two types 

a. What is the  peak force  which t h e  astronaut  can be depended on t o  
produce i n  a given condition combination? 

b, What force can the  astronaut  maintain f o r  a reasonable amount of 
time ? 

I n  t h i s  experiment, t h e  subjec t  was instructed t o  exer t  maximum force  i n  
t h e  d i r e c t i o n  indicated on the cue panel, and t o  hold t h i s  force a s  long a s  
possible ,  o r  u n t i l  t h e  "go" s i g n a l  extinguished. The cue panel communicated 
the  force type by present ing e i t h e r  the  word "impulse" o r  "sustained" a t  the  
same time the  i n s t r u c t i o n  f o r  force d i r e c t i o n  was presented. Af t e r  t h e  2-second 
il luminated cue per iods t h e  "go" s i g n a l  appeared and w a s  maintained one second 
f o r  impulse tr ials and 4 seconds f o r  sustained tr ials.  The i n s t r u c t i o n  o r  cue 
s i g n a l  a l s o  remained on u n t i l  t h e  termination of t h e  "go" s i g n a l ,  

9 ,3 ,9  SUBJECT DIFFERENCES 

One of the  primary questions requir ing an answer e a r l y  i n  the  ana lys i s  of 

I f  t h e  subjec ts  
the  data  is  concerned with the  "sameness" or  d i f fe rence  between the subjec ts  used 
i n  the  o r i g i n a l  84A and t h e  current  84A' and 84B experiments. 
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9.3,9 SUBJECT DIFFERENCES (Continued) 

used i n  t h e  two experiments d i f f e r  s i g n i f i c a n t l y  with respec t  t o  t h e i r  force  
emission capab i l i t y ,  then the  a b i l i t y  t o  ex t r apo la t e  from t h e  84A da ta  w i l l  be 
quest ionable  a t  bes t ,  

9,3.10 SUIT CONDITION 

Two parameters of the  s u i t  condi t ion va r i ab le  w e r e  evaluated i n  t h i s  experi- 

The pressurized s u i t  (Gemini G4C spacesui t )  w a s  u t i l i z e d  
ment. 
1-g and 0-g simulation. 
i n  the  1-g and 0-g simulation. 
comparable t o  t h e  Apollo State-of-the-Art s u i t s  used i n  t h e  o r i g i n a l  experiment 
- and ava i l ab le  f o r  use i n  t h e  cur ren t  program. The s u i t  w a s  water pressurized t o  
3.5 ps i a  by a system developed by GE and described i n  d e t a i l  i n  the  study r epor t  
on Contract NAS8-18117. 

The s h i r t s l e e v e  mode (not wearing a pressure  s u i t )  w a s  used i n  both t h e  

The Gemini G4C s u i t  w a s  s e l ec t ed  a s  being most 

9.4 EXPERIMENT SET-UP 

The PhA' and 8413 experiments were performed a t  General Electric 's  Controlled 
Buoyancy F a c i l i t y  a t  Valley Forge, Penna, The hardware is  described i n  d e t a i l  i n  
t h e  study r epor t  on Contract NAS8-18117 and need not be repeated here. 

During the  conduct of t he  experimental sess ions  two-way voice communication 
was maintained between the  test d i r e c t o r  and t h e  subjec t .  
vided video observat ion of t h e  subjec t  cluring n e u t r a l  buoyancy tes t ing .  
receiver s i g n a l  outputs  w e r e  recorded on a Brush Mark 200 osc i l lographic  recorder .  
Four channels were recorded-three containing t h e  pos i t i ve  and negat ive de f l ec t ions  
f o r  each p a r t i c u l a r  a x i s  and one t o  depic t  t h e  var ious commands being given t o  
t h e  subjec t .  

Closed-circuit TV pro- 
Force 

9,5 DATA ANALYSIS AND RESULTS 

9.5,1 DATA REDUCTION 

A l l  da ta  co l lec ted  from t h i s  experiment w e r e  manually transformed t o  a 
coded shee t ,  i l l u s t r a t e d  i n  Figure 9-2, The coding system i d e n t i f i e d  each da ta  
poin t  according t o  the  va r i ab le s  i n  e f f e c t  when it  w a s  co l lec ted .  The computa- 
t i o n s  performed wi th  t h i s  da ta  w e r e  s i m i l a r  t o  those performed on the  M508 data .  
A time-shared computer program permits var ious  combinations of da ta  t o  be 
averaged and p r in t ed  out  i n  a format compatible with the  84A da ta  formats f o r  
comparison, 

' 

A sample p r in tou t  i s  shown i n  Figure 9-3. 

The measures computed are similar t o  those computed f o r  t h e  84A experiment 
and are as follows: 
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MODE 
SUBJECT 
SUI  T 

ANGE CONDHT ONS? YES Of? NO=NQ 

FIGURE 9-3 EXPERIMENT 84Ap & B DATA SAMPLE PRINTOUT 
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9,5,1 DATA REDUCTION (Continued) 

M I N  - The minimum fo rce  t h a t  occurs i n  the  commanded d i r ec t ion  during t h e  
l as t  3 seconds of t he  4-second command f o r  sustained forces .  

MAX - The maximum impulsive fo rce  t h a t  occurs during the  1-second the  GO- 
l i g h t  i s  on and the  1 second afterwards, 

The mean, range and number of po in t s  found f o r  these  measures w e r e  computed 
and displayed f o r  subsequent da t a  ana lys i s ,  

9.5-2 RESULTS 

Figure 9-3, which contains  the  sample computer program pr in tout ,  represents  
averaging of a l l  da t a  po in t s  co l lec ted  i n  t h i s  program, 
84A da ta  a r a the r  unfortunate  r e s u l t  w a s  noted. 
approximately 2 : l  e x i s t s  f o r  each of t he  paired d i r ec t ions  of a given ax is .  
e f f e c t  i s  most obvious i n  t h e  range of MAX forces ,  
d i r ec t ion  i s  175,O l b ;  i n  the  PUSH d i r ec t ion  it is only 78.0 l b ,  
axes exh ib i t  s i m i l a r  behavior. 

When compared with the  
A di f fe rence  i n  magnitude of 

The 
The l a r g e s t  force  i n  the  PULL 

The o ther  two 

This e f f e c t  w a s  no t  a t  a l l  not iceable  i n  t h e  84A da ta  and the re  i s  no plau- 
s i b l e  reason t o  suspect  such an e f f e c t  here .  
t i o n  of d a t a  co l lec ted  here  and u l t imate ly  i t  w a s  decided t h a t ,  f o r  t he  PUSH, LEFT 
and DOWN d i r ec t ions  ( a l l  of which were charac te r i sed  by negat ive vol tage  outputs ) ,  
t he  recorder  w a s  being operated near  s a tu ra t ion  i n  the  50-70 lb ,  region. 
t he  problem could not  be spot ted  during experiment operat ions,  
b ra t ion  procedure u t i l i z e d  a f i s h  scale t o  exer t  known forces .  
nique only forces  up t o  about 50 o r  60 pounds could be r e l i a b l y  maintained. 
Thus, i t  went completely unnoticed t h a t  forces  of perhaps 100 o r  120 lb s .  were 
being damped a t  60 o r  70 lb s .  
w a s  such t h a t  t h i s  damping would no t  r ead i ly  be not iceable .  
problem, i t  w a s  deemed necessary t o  e l iminate  the  LEFT, PUSH and DOWN d i r e c t i o n  
from considerat ion and u t i l i z e  only the  RIGHT, PULL and W d i rec t ions  f o r  compar- 
i son  with 84A, 

A study w a s  made of t he  d is t r ibu-  

Thus 
The d a i l y  cali- 
Using t h i s  tech- 

The magni ude of l i n e a r  devia t ion  on the  recorder  
A s  a r e s u l t  of t h i s  

The following paragraphs descr ibe t h e  r e s u l t s  of t he  da ta  ana lys i s  and com- 
par isons conducted t o  eva lua te  t h e  capab i l i t y  of ex t rapola t ing  from the  o r i g i n a l  
Experiment 84A 0-g pressure  su i t ed  da ta  t o  the 1-g and 0-g s h i r t s l e e v e  conditions. 
The s t a t i s t i c a l  ana lys i s  performed on t h e  da ta  w a s  t h e  same as described i n  
d e t a i l  i n  t h e  Contract NAS8-18117 F ina l  Report. The two non-parametric s ta t is t ics  
used were t h e  Wilcoxon Matched-Pairs, Signed Ranks Test and the  Friedman Two-way 
Analysis of Variance, 

9.5,2,1 Mean Forces Across Subjects  

The f i r s t  comparison evaluated t h e  subjec ts  u t i l i z e d  i n  the  cur ren t  experi- 
mental program agains t  those u t i l i z e d  i n  the  o r i g i n a l  Experiment 84A. The 
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9.5,2,1 Mean Forces Across Subjects  (Continued) 

comparisons involved the  mean of t he  MINS and t h e  mean of t h e  MAXS f o r  t he  n e u t r a l  
buoyancy s imulat ion case i n  the  new da ta  (84A*)  and t h e  o ld  (84A) data .  
r e s u l t s  ind ica ted  the re  w e r e  no s i g n i f i c a n t  d i f fe rences  between the  cur ren t  sub- 
jects and t h e  o r i g i n a l  sub jec t s  i n  terms of t h e i r  a b i l i t y  t o  exe r t  sus ta ined  o r  
impulsive forces ,  

The 

9.5-2.2 1-G Versus 0-G Force Emission Means 

The next  ana lys i s  compared the  mean fo rce  emission capab i l i t y  i n  a 1-g en- 
vironment with the  mean fo rce  emission capab i l i t y  i n  the  n e u t r a l  buoyancy simu- 
l a t e d  zero-g environment, 
force  emission capab i l i t y  d i f f e red  s i g n i f i c a n t l y  a t  t h e  .05 level across  t h e  0-g 
and 1-g environments. 
level) w a s  found when comparing the mean impulsive force  emission capab i l i t y  
across  the  2 grav i ty  conditions. 
d i f fe rence  i n  impulsive fo rce  emission capab i l i t y ,  i t  appears t h a t  t h e  magnitude 
of the  real d i f fe rence  i s  not very important. 
1-g means by only 2 t o  12  lbs .  represent ing a 3 t o  20 percent  va r i a t ion .  I n  a l l  
cases, t h e  1-g mean f e l l  wi th in  the  range of t h e  zero-g means, The 20% d i f f e rence  
i n  the  means w a s  found i n  the  Up d i r ec t ion  only and ind ica ted  a d i f fe rence  t h a t  i s  
la ter  confirmed by the  s u i t e d  vs, s h i r t s l e e v e  ana lys i s  i n  which t h e r e  appears t o  
be a s u i t  r e s t r i c t i o n  i n  the  capab i l i t y  t o  exe r t  Up forces .  I n  t h e  case of sus- 
ta ined  forces ,  t he re  appears t o  be an increased force  emi t t ing  capab i l i t y  i n  the  
1-g mode t h a t  is 2.4 t o  2.8 t i m e s  as  g rea t  as the  zero-g fo rce  emission capabi l i ty .  
These r e s u l t s  ind ica ted  t h a t  impulsive force  emission i s  r e l a t i v e l y  uneffected by 
changes i n  g rav i ty  condi t ions and t h a t  sus ta ined  fo rce  emission capab i l i t y  is 
approximately 2-112 t i m e s  as g rea t  i n  the  1-g environment than i n  t h e  zero-g. 

Resul t s  of t h i s  ana lys i s  ind ica ted  t h a t  sus ta ined  

The s a m e  r e s u l t  (a s i g n i f i c a n t  d i f fe rence  a t  t h e  .05 

In  s p i t e  of t he  s ta t i s t ica l  s ign i f i cance  of t he  

The zero-g means d i f f e red  from t h e  

9.5.2,3 Shi r t s l eeve  V s .  Pressure Suited Force Emissi'on Means 

Resul t s  of the s ta t i s t ica l  ana lys i s  of t h e  mean force  emission capab i l i t y  
between s h i r t s l e e v e  and pressure  su i t ed  condi t ions ind ica ted  no s i g n i f i c a n t  d i f -  
ference between impulsive o r  sus ta ined  force  emission capabi l i ty .  However, i n  
both t h e  impulsive and sus ta ined  forces  i n  the  Up d i rec t ion ,  t he  s h i r t s l e e v e  
mean force  capab i l i t y  w a s  approximately 40% grea te r  than t h e  pressure  s u i t e d  
fo rce  emission capabi l i ty .  
t i ons  ind ica ted  approximate equa l i ty  i n  mean force  producing capab i l i t y  between 
t h e  s u i t e d  and s h i r t s l e e v e  modes. 

This w a s  e spec ia l ly  evident  s ince  a l l  o the r  direc-  

9,5.2,4 Mean Forces Across Receiver Angles 

Resul ts  of t h e  s ta t i s t ica l  ana lys i s  of t h e  mean force  capab i l i t y  across  
d i f f e r e n t  receiver angles  ind ica ted  no s i g n i f i c a n t  d i f fe rence  i n  e i t h e r  t he  i m -  
puls ive.  o r  sus ta ined  force  cases. 
of t he  ana lys i s  of t he  o r i g i n a l  84A Experiment and v i s u a l  inspec t ion  of the  da ta  

This f ind ing  is  cons is ten t  with t h e  r e s u l t s  
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9,5,2,4 Mean Forces Across Receiver Angles (Continued) 

ind ica t e  r e l a t i v e l y  the  same t rend  with respec t  t o  receiver angle  and d i r ec t ion  
in t e rac t ions .  The capab i l i t y  t o  exe r t  sus ta ined  and impulsive Push/Pull forces  
tends t o  increase  as the  force  receiver is moved away from d i r e c t l y  i n  f ron t  
of t h e  subjec t .  However, t h i s  tendency appears t o  reverse f o r  t h e  o the r  direc- 
t i ons ,  That is ,  the  Up/Down and Left /Right  force  emission capab i l i t y  tends t o  
decrease as t h e  force  r ece ive r  is moved l a t e r a l l y  from i n  f ron t  of t h e  subject .  

9,5,2,5 Mean Forces Across Receiver Distances 

Resul t s  of t he  s ta t i s t ica l  ana lys i s  across  t h e  receiver d is tances  ind ica ted  
no s i g n i f i c a n t  d i f fe rences  f o r  e i t h e r  t he  impulsive o r  sus ta ined  force  emission 
capab i l i t i e s .  It appears from the  da ta  t h a t  the  a b i l i t y  t o  exert p u l l  forces  is  
s l i g h t l y  enhanced as the  fo rce  receiver d i s t ance  is  increased,and t h a t  t he  
a b i l i t y  t o  exe r t  up and r i g h t  forces  is diminished as t h e  force  receiver d is tance  
increases  e 

9.5.2.6 Mean Forces Across Res t r a in t s  

A s t a t i s t i c a l  ana lys i s  of t h e  mean force  emission capab i l i t y  across  var ious 
r e s t r a i n t  condi t ions ind ica ted  a s i g n i f i c a n t  d i f fe rence  a t  the  .005 level f o r  
both sus ta ined  and impulsive forces .  This f ind ing  is  a l s o  cons is ten t  with the  
previous study r e s u l t s ,  

9.5,3 CONCLUSIONS 

The conclusions t h a t  can be drawn from the  above d a t a  ana lys i s  and r e s u l t s  
are as follows: 

a. The force  emission c a p a b i l i t i e s  of t he  sub jec t s  used i n  t h e  o r i g i n a l  
Experiment 84A and the cur ren t  Experiment 84Aq and 84B did  not  d i f f e r  
s i g n i f i c a n t l y  

Impulsive fo rce  emission capab i l i t y  is no t  s i g n i f i c a n t l y  a f f ec t ed  by 
varying the  g r a v i t a t i o n a l  f i e l d  from zero t o  1-g, 

Sustained fo rce  emission c a p a b i l i t i e s  i n  the  1-g environment appear 
t o  be approximately 2-1/2 t i m e s  as grea t  as sus ta ined  force  emission 
c a p a b i l i t i e s  i n  t h e  simulated zero-g environment. 

b. 

c, 

d, Sustained and impulsive fo rce  emission c a p a b i l i t i e s  are r e l a t i v e l y  
unaffected by t h e  pressurized space s u i t  except i n  t h e  Up d i r ec t ion  
f o r  t he  s u i t s  used i n  t h i s  program (Gemini G4C). 

The da ta  graphs summarizing the  pressure  s u i t e d  fo rce  emission 
capab i l i t y  d a t a  co l l ec t ed  i n  the  o r i g i n a l  Experiment 84A are 

e. 
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9-5 .3  CONCLUSIONS (Continued) 

e, presentdd i n  Figure 9-4, Charts 1 through 12 ,  and can be used i n  t h e  
following manner: 

e The mean impulsive forces  can be used t o  represent  t he  1-g 
and zero-g, s h i r t s l e e v e  and pressure  s u i t e d  impulsive fo rce  
emission capabi l i ty .  

a The mean sus ta ined  force  graphs can be used t o  represent  t he  
1-g s h i r t s l e e v e  and pressurized s u i t e d  force  emission capa- 
b i l i t y  by mult iplying the  means by a f a c t o r  of 2-112. 
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FIGURE 9-4 FORCE EMISSION SLJMMARY DATA CHARTS 

The following graphs present  t he  means and ranges of forces  r e s u l t i n g  from 
t h e  inves t iga t ion  of fo rce  producing capab i l i t y  under var ious  condi t ions of 
grav i ty ,  r e s t r a i n t  and worksi te  geometry. The Sustained mean forces  presented 
on t h e  graphs represent  t h e  simulated zero gravi ty ,  s h i r t s l e e v e  and pressure s u i t e d  
c a p a b i l i t i e s .  To obta in  a c lose  approximation of t he  one-g s h i r t s l e e v e  and pres- 
sure  s u i t e d  Sustained mean force  capab i l i t y ,  mult iply the Sus ta in  means by 2,5. 
The Impulse mean fo rces  presented on the  graphs represent  the  one-g and simulated 
zero gravi ty ,  s h i r t s l e e v e  and pressure s u i t e d  c a p a b i l i t i e s .  
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SECTION 10 

PROGRAM CONCLUSIONS AND RECOMMENDATIONS 

10-1 INTRODUCTION 

This section provides a brief review and summary of the major accomplishments, 
conclusions and recommendations that resulted from the conduct of the Astronaut 
Zero Gravity Performance Evaluation Program, 

10.2 CONCLUSIONS 

Experiment M508 was initially conceived to provide information relative to 
the performance of selected pieces of EVA hardware. At a later date, it was 
realized that the experiment could serve as a means of evaluating the various 
ground-based zero-g simulations currently used for astronaut training as well as 
for physiological and psychomotor performance studies, Finally, it was also 
realized that the experiment could provide valuable zero-gravity human performance 
design data. 
here is that 
was designed and performed for this contract. 

The most important conclusion to be drawn from the work reported 
of these objectives are well satisfied by the experiment which 

Given that the program objectives remain as EVA hardware evaluation, simula- 
tion technique evaluation and the generation of design data, the importance of 
utilizing the experiment which results from execution of the individual task 
recommendations in Section 7 cannot be overstressed, It is worthwhile to review 
here the results which dictate the inclusion or deletion of certain tasks and/or 
experiment variables, 

The Precise Hand Movement Task indicated important performance differences 
across simulation modes and between suited (EVA) and shirtsleeve (IVA) conditions, 
In addition, it was noted that the existence of a limiting access port seriously 
degrades one’s ability to accurately perform a dynamic task, 
mation is directly relatable, for example, to the removal and replacement of small 
film cassettes, where precision alignment is required. 

This type of infor- 

In the Two-Hand Task (a static test of accuracy) it was found that the access 
condition did not affect the accuracy of performance. It was also found that any 
relatively stable one-point restraint is suitable for such a task. 
information would be useful in designing an astronaut function involving a task 
such as sensor alignment, 
simulation modes and between suited and shirtsleeve conditions, 

This type of 

This task also proved capable of differentiating between 

The Precise Force Task provided important results .concerning simulation modes 
and restraints, 
because it did not provide any conclusions or results that were new or different, 
this task was recommended for deletion, 

The Precise Torque Task tended to confirm these results, but 

The Sustained and Impulse Force and Torque Tasks also tended to confirm each 
But each of these tasks provides inherently valuable design data on a other. 

basic human performance capability and should therefore be retained, Two of the 
most important results found in these tasks were the existence of inhibited per- 
formance.in the 6 DOF simulation and the ineffectiveness of the variable-flexibility 
waist tether utilized in this experiment. 
lected at various reach envelope locations, using different tools, etc, 

Design data was enhanced by being col- 
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10.2 CONCLUSIONS (Continued) 

The Operat ional  Maintenance Task, Res t r a in t  I n s t a l l a t i o n  Task and the  Gain 
Access Task were a l l  found t o  be too s p e c i f i c  i n  na ture  t o  provide meaningful 
r e s u l t s .  These t a sks  were recommended f o r  de le t ion ,  r e s u l t i n g  i n  a t i m e  savings 
t o  the  experiment of approximately one-fourth t h e  t o t a l  experiment t i m e ,  

It w a s  s t a t e d  i n  Sect ion 7 t h a t  t h e  experiment d id  note  seve ra l  important 
d i f fe rences  i n  performance r e s u l t i n g  from the na ture  of the  A7L and the  AES s u i t s .  
The experiment w a s  more e f f e c t i v e ,  however, f o r  quant i fying d i f fe rences  i n  an 
IVA ( sh i r t s l eeve )  condi t ion vs, an EVA ( su i ted)  condition, It is  therefore  
recommended t h a t  only one s u i t  be kept f o r  the  f l i g h t  experiment, A s  an a l te rna-  
t ive,  the  "worksite only'' r e s t r i c t i o n  can be removed, allowing add i t iona l  experi- 
mental t a sks  which would provide a more complete s u i t  evaluat ion,  

With regard t o  the  o the r  major experimental condi t ion - r e s t r a i n t s  - it is  
recommended t h a t  t he  experiment u t i l i z e  a t  least two d i f f e r e n t  r e s t r a i n t  conditions. 
The manually operated w a i s t  t e t h e r ,  however, should e i t h e r  be g rea t ly  improved o r  
replaced p r i o r  t o  inc lus ion  i n  the  f l i g h t  program, 
modified t o  f i t  t h e  AES s u i t  boots ( i f  t h a t  s u i t  is re ta ined  i n  the  program), 
The important po in t  t o  bear  i n  mind, of course9 i s  t h a t  t he  experiment can and 
w i l l  denote performance d i f fe rences  which r e s u l t  from the  u t i l i z a t i o n  of any_ 
r e s t r a i n t s .  

The Dutch Shoes must a l s o  be 

One of t h e  most s i g n i f i c a n t  conclusions from t h i s  program has been the  demon- 
s t r a t e d  value of u t i l i z i n g  representa t ive  t a sks  t o  provide objec t ive ,  quan t i f i ab le  
d a t a  r a t h e r  than real opera t iona l  tasks  t h a t  provide only sub jec t ive  o r  qua l i ta -  
t i v e  da ta  of a "GO-NO Go" na ture ,  The technique which r e su l t ed  i n  the  design of 
these  t a sks  (Section 3,O) i s  a sound one, To some, they have seemed i r r e l e v a n t  
and inappropriate ,  
upon considerat ion of t he  psychomotor c a p a b i l i t i e s  required of as t ronauts  t o  per- 
form t h e  experiments planned f o r  the  next  decade of manned space f l i g h t .  
addi t ion ,  t he  experiment program reported here  i l l u s t r a t e s  w e l l  how t h e  represent- 
a t i v e  t a sks  do i n  f a c t  s a t i s f y  the  objec t ives  of the  ?GO8 Experiment. 

The technique and r e s u l t a n t  experimental t a sks  are based 

I n  

10.3 RECOMMENDATIONS 

The most important recommendation t h a t  can be made t o  NASA is t h a t  t he  f l i g h t  
va l ida t ion  da ta  on t h i s  experiment be co l l ec t ed  cons is ten t  with the  experiment 
design as i t  now exists, The r e s u l t  of t h e  f l i g h t  experiment w i l l  l i t e r a l l y  be 
a human performance da ta  bank providing evaluat ions and comparisons never before  
ava i lab le ,  These evaluat ions could u t i l i z e  computer programs and techniques al- 
ready ex i s t ing  from t h i s  con t r ac t  with v i r t u a l l y  no changes, For the  f i r s t  t i m e ,  
ana lys t s  could ob jec t ive ly  determine the  most e f f e c t i v e  means f o r  s imulat ing 
zero-gravity f o r  d i f f e r e n t  tasks .  
i n  t h e  fu tu re  where a spacecraf t  designer o r  mission planner requi res  t he  perform- 
ance of a p a r t i c u l a r  task ;  with s u i t a b l e  r e f l ec t ion ,  he decides  ( fo r  example) t h a t  
fo rce  emission is not  important t o  performance of t h e  task,  bu t  an a b i l i t y  t o  
accura te ly  perform a dynamic manipulation is, 

It i s  not  extreme t o  conceive of a s i t u a t i o n  

Consulting t h e  Prec ise  Hand 

10-2 



10,3 RECOMMENDATIONS (Continued) 

Movement Task data bank, he could determine the proper restraint to recommend for 
task performance, the proper simulation technique to use for astronaut training, 
etc, He could even trade-off the time savings that might result from modifying 
an EVA task design to permit its performance in an IVA mode vs. the potential 
equipment ramifications of such a redesign, 

The work reported in this document confirms the existence of a potential 
to satisfy the M508 program objectives. 
the near future will capitalize on this potential and provide significant know- 
ledge on the problems of human performance in zero-gravity. 

Flight performance of this experiment in 

10 -3 





APPENDIX A 

ASTRONAUT PERFORMANCE PROGRAM DESIGN VERIFICATION TEST PROTOCOLS 

PAGE - 

API-11 (I) 

API-11 (11) 

API-11 (111) 

API-11 (IV) 

API-11 (V) 

API-11 (VI) 

- EXPERIMENT DESCRIPTION (SEE VOL 11, DETAILED A - 2  
TECHNICAL REPORT) 

- FACILITIES & SUPPORT EQUIPMENT REQUIREMEMTS A - 3  
SPECIFICATION 

- EXPERIMENT SCHEDULES AND PROCEDURES (MODIFIED) A - 1 5  

- REQUIREMENTS SPECIFICATIONS FOR EXPERIMENTAL A - 3 6  
PERSONNEL 

- EXPERIMENT TRAINING PROGRAM A - 4 1  

- EXPERIMENT EQUIPMENT L I S T  A - 4 6  

A-1 



AFT-11 ( I )  

I. EXPERIMENT DESCRIPTION 

Because of t h e  length of t h e  o r i g i n a l  experiment desc r ip t ion  and because 
the  information is included i n  the  body of t he  Detai led Technical Report, t he  
reader  is d i r ec t ed  t o  Sect ions 3 and 5 of Volume I1 f o r  answers t o  s p e c i f i c  
experiment desc r ip t ion  quest ions,  
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API-11 (11) 

I I ,  FACILITIES AND SUPPORT EQUIPMENT REQUIREMENTS SPECIFICATION 

1.0 INTRODUCTION 

This specification defines the requirements for the f ac i l i t i e s  and 

These t e s t s  are t o  be conducted under simu- 
support  operations required for  the Astronaut Performance Program (M508) 
Design Verification Tests. 
lated zero-gravi ty  conditions, including neutral buoyancy, Keplerian 
f l ights  and 6 Degree-of-Freedom mechanical simulations and a 1-g walk- 
th rough ,  

The l-g walkthrough and neutral buoyancy simulations are t o  be conducted 
in General Electric f ac i l i t i e s ,  the Keplerian f l igh t  is t o  be conducted on 
a KC-135 a i rc raf t  based a t  Wright-Patterson AFB, and the 6 Degree-of-Freedom 
mechanical simulation will use the f ac i l i t y  located a t  the PISFC, Huntsville, 
A1 abama, 

Also defined i n  this specification are the interface requirements for 
the simulation facility/M508 equipments and the operations necessary for the 
conduct of the t e s t  programs. 

2.0 NEUTRAL BUOYANCY SIMULATIONS 

The neutral buoyancy simulation phase of the Design Verification Tests 
will be conducted i n  the General Electric fac i l i ty  a t  Valley Forge, Pa, 
(See Figure l ) e  

2.1 ENVIRONMENTAL CONDITIONS 

2.1,l Water 

The water temperature i n  the f ac i l i t y  shall be controlled t o  85" - + 5"F, 

The water shall be kept clean and free of a l l  debris and measurable 
bacteria, 
a t  the side of the pool can see clearly across t o  the opposite side, 
son standing on the walkway shall be able t o  see the bottom clearly, 

Visibil i ty i n  the water shall be such t h a t  a person underwater 
A per- 
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2-1  2 Water Surroundi ngs 

The pool enclosure shall be maintained w i t h i n  5 O F  of the water 
temperature and shall be free from drafts. All entrances t o  the pool 
area shall be protected w i t h  curtains or double doors so that  there 
will be no drafts when outside doors are opened, 

2,2 PERSONNEL ACCOMMODATIONS 

A dressing room shall be provided for those persons participating 
i n  water operations, T h i s  room will also provide lockers for  storing 
clothing and other personal belongings. The dressing room should also 
provide a shower for the personnel e As personal SCUBA gear shall also 
be stored hereg wash down f ac i l i t i e s  for these equipments will be re- 
quired. The dressing room shall be maintained a t  the same temperature 
as the pool area. 

2 3 I NSTRUMENTATI ON AND DATA RECORD1 NG 

2.3.1 Underwater Photography 

There shall be two cameras for  underwater use each having remote 
focus and zoom controls. The cameras shall be mounted on remotely con- 
trolled t i l t  and pan units. A separate monitor will be required for  
each camera. 

Adequate underwater 1 i g h t i n g  shall be provided t o  the extent that 
the data films are of the highest quality attainable w i t h  the particu- 
la r  equipment used, 

2 e 3 2 Audi o Recordi n 9 

A means shall be provided for recording voice comments d u r i n g  the 
conduct of each experimental session, The voice channel/recorder shall 
be capable of a t  least  one hour of continuous operation, 



2,3,3 Control Station 

A1 1 experiment controls comunications and photographic equipment 
will be operated from a single control station located i n  the vicinity 
o f  the pool, The control station shall be designed and constructed i n  
a manner such that one person (the t e s t  director) can operate the required 
switching circul’ts and controls dur ing  the conduct o f  the experiment, 

The control station shall contain, as a minimum, the following: 

o TV Controls and Monitors 

o Experiment Cue Controls 

o Data Recording Controls 

o Comunication Links 

o Table Space 

2-3.4 Backup Equipment 

There shall be sufficient backup equl’pment available so t h a t  a 
failure i n  any experimental equipment will no t  cause excessive delays 
i n  the experimental operations. 

2.4 ELECTRICAL POWER REQUIREMENTS 

The power required t o  operate the experiment equipment i s  28VDC 
(unregul ated) 40 watts continuous 

2.5 SUPPORT EQUIPMENT 

2,5,1 Backpack & Helmet 

The su i t  pressurization system and special underwater helmet shall 
Electrical power and be supplied for  the duration of the t e s t  program. 

breathing a i r  for  the backpack and subject shall be supplied by the fac i l i ty ,  
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2,5,2 SCUBA Equipment 

SCUBA equipment shall be provi ded for  a1 1 personnel participating 
l”n underwater ac t iv i t ies ,  
as follows: 

The amount of equipment to  be provided i s  

o Experiment Installation, Set-Up and Checkout Operations 

o 5 regulators, masks, f ins ,  etc.  
o 20 tanks per day 

o Training Operations 

o 8 regulators, masks, f ins ,  e tc ,  
o 20 tanks per day 

o Experiment Conduct 

o 6 regulators, masks, f ins ,  etc,  
o 20 tanks per day 

The tanks should be f i l l ed  overnight and be ready f o r  operations a t  
7:30 A.M. each morning. Provisions shall be available t o  allow the 
SCUBA equipment t o  be washed a t  the end of each day’s use and stored 
i n  the dressing room. 

2.5,3 Hookah Equipment 

Four operating Hookah lines will be supplied i n  the water a t  a l l  
These will be considered as the prime breathing apparatus for  times. 

the safety man and experiment technician while they are underwater, 

man for  emergencies 
The remainder will be available t o  the subject and topside safety 

2.5.4 - Comuni cations 

Communications shall be provided i n  the following modes: 

o Test director t o  a l l  persons i n  pool and surrounding area 

o Safety man t o  t e s t  director ,-- 

o Subject t o  safety man and t e s t  director 
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2 6 EXPERIMENT EQUI PMENT/FACI LITY INTERFACE 

2.6-1 Mounting In te r face  

The experiment equipment s h a l l  be mounted t o  a support s t ruc tu re  
which i n  t u r n  w i l l  be attached t o  the w a l l  o f  the f a c i l i t y ,  This 
attachment s h a l l  be through e x i s t i n g  mounting points. The loca t i on  and 
dimensions o f  the support s t ruc tu re  mounting points  s h a l l  be suppl ied 
a t  a l a t e r  date, 

2.6.2 E l e c t r i c a l  I n t e r f a c e  

The fo l l ow ing  e l e c t r i c a l  s ignals  s h a l l  i n t e r f a c e  w i t h  the under- 
water experiment equipment. 

o 28 VDC supply, nregulated, 40 watts 

o DC re tu rn  

3 Data Outputs 

- Analog s ignals  0-5 VDC - B i l e v e l  ( D i g i t a l )  Signals 15 VDC 

2,7 REPAIR AND MAINTENANCE 

F a c i l i t i e s  s h a l l  be provided f o r  maintenance and r e p a i r  o f  the ex- 
perimental equipment and instrumentation. This f a c i l i t y  s h a l l  be equipped 
w i t h  standard hand t o o l s  and the fo l l ow ing  t e s t  equipment as a minimum: 

o Osci 'I 1 oscope 

o DC Power Supply: 0 t o  25 v 

o Vacuum Tube Voltmeter 
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3-0 KEPLERIAN FLIGHT SIMULATIONS 

The Keplerian Flight simulation t e s t  will u t i l i ze  a KC-135 a i r -  
c ra f t  based a t  Wright-Patterson AFB. 

Two basic f ac i l i t i e s  are required for the Design Verification Tests. 
These are the KC-135 a i rc raf t  and a ground fac i l i ty .  The KC-135 a i r -  
c ra f t  as defined herein includes the f l igh t  crew and a l l  other equipment 
and personnel required t o  make the a i rc raf t  an operational testbed, 

The ground f ac i l i t y  shall consist of a laboratory/workshop type 
room w i t h  work benches, desks and power source (llOV, 60 hz) t o  be 
uti l ized as a storage and maintenance area for  the General Electric 
experimental equipment. 

3.1 TEST EQUIPMENT IDENTIFICATION 

General Electric shall supply the following equipment required t o  
perform the t e s t  operations i n  the KC-135 a i rc raf t  other t h a n  described 
above i n  Paragraph 3,0, 

a, Task Panel 

This equipment shall include: 

b. Restraints 

c, Task Panel Support  Structure 

d. 

e. Cables 

Ancil lary Equipment Support  Structure 

f ,  Miscellaneous Tools, spare parts and t e s t  equipment necessary 
for  the maintenance of the t e s t  setup. 

3,2 ENVIRONMENTAL CONDITIONS 

3,2,1 

shown 

Acceleration (Shock) Loads 

he equipment (mounted) shall be capab 
i n  the diagram below. 

e of w i t h s t a n d i n g  the loads 
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Aft 
1.5g 
acceleration 

3,2.2 Vibration 

The experiment equipment shall be capable of withstanding the vibra-  
tion environment shown below, 

.036 DA 5 - 10 HZ 

.02 DA 10 - 45 HZ 

+ 29 45 - 500 HZ - 

3.3 PERSONNEL REQUIREPIENTS & ACCOMMODATION 

3,3.1 Personnel Requirements 

All General Electric personnel engaged i n  the t e s t  f l igh ts  shall 

1 

2 ,  

meet the fol 1 owi n a  qual i f i  cations ; 

Establish the proper security clearance a t  Wright-Patterson AFB, 

Successfully pass a Class 111 f l i gh t  physical, 
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3, Complete physiological t r a i n i n g  which consists of - 
a,  A1 t i  tude chamber indoctni na t i  on 
b, Explosive decompression. 

4 ,  Complete survival training. 

3.3,2 Test Subject Dressing Room 

The ground laboratory shall serve as the dressing room for the t e s t  
subject, 

3.4 ELECTRICAL POWER 

3,4.1 KC-135 Aircraft 

The a i rc raf t  shall supply. 

a,  

b. 

The a i rc raf t  shall supply mating pairs of a l l  connectors. The experi- 

28 VDC (unregulated) 40 watts 

30 400 hz (Power t o  be supplied l a t e r )  

ment and t e s t  equipment shall supply unended cables 20 f t .  long. 

3.4,2 Ground Facility 

The ground f ac i l i t y  shall supply 

llOV, 60 hz (Power t o  be supplied l a t e r )  

3.5 SUIT PRESSURIZATION 

The a i rc raf t  shall supply a i r  for  su i t  pressurization and umbilicals 
sufficiently long t o  reach the work area. Suit-umbilical connectors shall 
be supplied by General Electric. 
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3.6 EXPERIMENT EQUIPMENT/KC-135 

3.6,l Mounting Interface 

INTERFACE 

All equipment suppor t  struc,ures will "e mounted t o  the floor of the 
aircraf t .  Tie-down po jn t s  are arranged on a 20-inch g r i d  pattern on the 
a i rc raf t  f loor,  The g r i d  pattern straddles the a i rc raf t  centerline. The 
tie-down points will accept a 3/8 dia, bolt. 

3-6.2 El ec t r i  cal Interface 

The power connections described i n  Paragraph 3.4 above represent the 
total  electrical  interface w i t h  the a i rcraf t .  

4.0 

faci 

6 DEGREE-OF-FREEDOM MECHANICAL SIMULATION 

The 6 Degree-of-Freedom Mechanical simulation shall u t i l i ze  the 
i t y  a t  the Marshall Space Flight Center, Huntsville, Ala. 

Two basic f ac i l i t i e s  are required for  the Design Verification Tests. 
These are the mechanical simulator and a maintenance laboratory fac i l i ty .  
The mechanical simulator as defined herein includes a l l  other equipment and 
personnel required t o  make the simulator an operational testbed. 

The 1 aboratory faci 1 i t y  shall consist of a 1 aboratory/workshop type 
room w i t h  workbenches, desks and power source (llOV, 60 hz)  t o  be uti l ized 
as a storage and maintenance area for the General Electric experiment sup- 
port  equipments, 

4,l  TEST EQUIPMENT IDENTIFICATION 

General Electric shall supply al l  equipment required t o  perform the 
t e s t  operations other t h a n  described above i n  Paragraph 4.0. T h i s  equip- 
ment shall include: 

a. Task Panel 

b. Restraints 

c. Task Panel Support Structure 

d. Anci 1 lary Equipment Support Structure 
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e, Cables 

f .  Miscellaneous tools, spare parts and t e s t  equipment necessary 
for  the maintenance o f  the t e s t  setup, 

4.2 EM~IRO~~~ENTA~ COMDITIOMS 

Since the t e s t  f ac i l i t y  is located i n  an environmentally controlled 
b u i l d i n g ,  no special environmental considerations o r  provisions need be 
made. 

4,3 PERSONNEL REQUI REMENTS AND ACCOMMODATIONS 

4.3,l Personnel Requirements - To be determined, 

4.3,2 Test Subject Dressing Room 

The laboratory shall serve as the dressing room for  the t e s t  subject. 

4.4 ELECTRICAL POMER 

The fac i l i ty  shall supply 

llOV, 60 hz (Power t o  be supplied la te r )  

4,5 SUIT PRESSURIZATION 

The MSFC f ac i l i t y  shall supply a i r  for  suit pressurization and umbilicals 
sufficiently long t o  reach the work area. 
supplied by General Electric, 

Suit-umbilical connectors shall be 

4 ., 6 EXPERI MEMT EQUIPMENT/S IMULATOR INTERFACE 

4.6.1 Mounting Interface - To be determined. 
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4,6.2 Electrical Interface 

The interfaces/requirements described i n  Paragraph 2-6.2 above repre- 
sent the total electrical  interface w i t h  the MSFC fac i l i ty ,  

5,O 1 -G WALKTHROUGH 

The l-g walkthrough t e s t  shall use the area immediately adjacent t o  the 
neutral buoyancy f ac i l i t y  described i n  Section 2, Therefore, a l l  requirements 
of t h a t  section apply here w i t h  the exception of those items directly relating 
t o  the underwater operations 
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API-11 (111) 

I11 e EXPERIMENT SCHEDULES AND PROCEDURES 

1 .O SCHEDULES 

1 e 1 Program Schedules 

This section presents the program-level and daily schedules for  
conduct o f  the Design Verification Tests. 

Figure l.,l contains the phasing of the various simulations for  
DVT and i s  predicated on a follow-on contract go-ahead of 1 March 1969. 
The main p o r t i o n  of testing will be conducted beginning 5 Hay 1969. 
one-g walkthrough will be performed f i r s t  i n  order t o  simplify simulation- 
inherent complexities while procedures and hardware are s t i l l  i n  the early 
phases of operation. 
allocated for any procedural or design modifications that may be required. 

buoyancy, 6 DOF air-bearing, and KC-135 simulations. An additional week 
of KC-135 testing i s  scheduled t o  begin on 28 April 1969 t o  permit in i t ia l  
checkout of a l l  t e s t  equipment and personnel. 

The schedules of Figure 1 , l  have been prepared t o  allow use of the 
same subjects throughout the program. 

1.2 Daily Schedules 

Figures 1.2 through l e 5 -  The daily schedules are based on the following: 

The 

A t  the conclusion of one-g testing, a week has been 

The one-g simulation effor t  will be followed i n  turn by neutral 

Daily schedules for each phase o f  simulation testing are presented in 

One-G Walkthrough - 36 sessions total - 6 sessions per day - 
each subject perfoms 3 sessions per day 

6 DOF 

NBS 

- 36 sessions total  - 4 sessions per day - 
each subject performs 2 sessions per day 

- 36 sessions total  - 4 sessions per day - 
each subject performs 2 sessions per day 

KC-135 - 18 sessions total - 1 session per day 
(requiring two f l ights  per day) - each 
subjects performs 1/2 session per day 

SESSION TIME: Approximately 45 minutes 
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2.0 EXPERIMENT PROCEDURES 

A sample of the abbreviated experimental session document follows. Subject 
and Observer(Test Director) tasks are l i s ted  and are correlated w i t h  the task 
sequence items shown in Section 3 of Volume 11, Detailed Technical Report. A 
timeline, showing session times for each major task i s  also included, a s  well as  
a Remarks column for Observer comments. 

A total  of 126 abbreviated session documents (36 each for one-g walk-through, 
NBS, and 6 DOF, and 18 for KC-135) will be provided, i n  a computerized format, 
for  conducting a1 1 sessions 

3.0 DATA HANDLING PROCEDURES 

Special care must be taken t o  clearly indicate the contents of data  con- 
Each session will generate the following: 

o One-400 f t .  roll of color film 

tainers collected d u r i n g  a session. 

o One roll  of multi-channel magnetic tape, containing voice and 
other da ta  

o Experinlent Procedures document containing written comments 

o Subjective questionnaires 

All magnetic tape will be processed by the General Electric Co, a t  Valley 
Forge, Pa. All film will be processed a t  NASA's Manned Spacecraft Center i n  
Houstons Texas. During one-g and neutral buoyancy testing, i t  shall be the 
responsibility of the t e s t  director t o  see that  the above four items generated 
during a session are properly delivered for processing. 
which are conducted a t  f ie ld  locations, these four items will ei ther be mailed 
t o  Valley Forge for processing or  hand-carried back a t  the conclusion of a period 
of tes t s .  The choice i s  l e f t  t o  the discretion of the t e s t  director and should 
depend on the expected dura t ion  of a t e s t  period. 

The experiment procedures documents and subjective questionnaires w i  11 
include spaces for  the identification of session number and the experimental cond- 
ditions. Rolls of film and magnetic tape shall be stored i n  individual containers 
and labeled as follows: 

During the other t e s t s ,  
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EXPERIMENT M 5 0 8  

DESIGN VERIF ICATION TESTS 

SIMULATION MODE: DATE : 

SESSION NUMBER: (1-36 for 1-g, NBS, and 6 DOF; 1-18 for KC-135) 

SUBJECT (1 o r  2) 

S U I T  (SS, A p o l l o  Block 11, or EV C o n s t a n t  Volume) 

RESTRAINT (Shoes, W a i s t  or  Waist and Shoes) 

LOCATION : 
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EXPERIMJIEPIT SESSION PROCEDURES 

DATI' : 

TEST 0 I RECTOR: 
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MOOD I'WfZ ON 
CHECK RCRD.- 

PROGRAM: 
CONTACT TYPE 
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FOR USE WITH SHOE RESTRAINT 
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0 
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e 

0 

e 
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API-11 (IV) 

IV, REQUIREMENTS SPEC1 FICATIONS FOR EXPERIMENTAL PERSONNEL 

1 , O  SCOPE 

This specification delineates the qualifications and sk i l l s  required 
of the experimental t e s t  subjects and support personnel for the conduct 
of the Design Verification Tests. 
selection and does not include any information, qualifications, or proce- 
dures that  will be covered d u r i n g  the experiment t r a i n i n g  program. The 
qualifications specified i n  th i s  document must f i r s t  be demonstrated by 
the appropriate personnel prior t o  the i n i t i a t i o n  of the experiment 
training program. The roles o r  areas o f  qualification are: 

Subjects 

I t  i s  t o  be uti l ized for personnel 

Test Directors 

Data Recording Equipment Technician 

S u i t  Techn i ci an 

Photographer 

Experiment Technician/Safety Man 

Medical Personnel 

1.1 EXPERIMENTAL SUBJECT REQUIREMENTS 

1.1.1 Physical Qualifications 

e: 
General Physical Condition: 

The experimental subjects will be between 21 and 40 years of age. 
requirement may be waived a t  the discretion of the t e s t  director. 

Each subject will have (or be able t o  pass) an 
FAA Class I11 physical r a t i n g  o r  equivalent. Special attention will 
be given t o  ensure that no subject be selected w i t h  a history of 
diabetes inner ear malfunctioning, cardiovascular anomaly, o r  severe 
airsickness 

This 
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Vision: All subjects will have vision correctable t o  20/20 and no worse 
than 20/30 uncorrected. 

Hearing: All subjects will have normal hearing abil i ty.  For this experi- 
mental program, normal hearing is  defined as hearing abi l i ty  suffi-  
cient t o  carry on normal listening functions without noticeable loss 
of comprehensi on. 

1.1.2 Experimental Qualifications 

Swimmin : All subjects will exhibit ease and proficiency i n  the water. ---+ ey will be capable of swimning 150 meters on the surface, 25 meters 

-----I+ s i n  d i v i n g  equipment including face mask, snorkel and fins. 

underwater, and of treading water for  5 minutes. 

S k i n  D i v i n  : All subjects will have exhibited proficiency i n  the use of 

Pressure Suit/Chamber Indoctrination: All subjects will have successfully 
completed a pressure suit indoctriflation course t o  familiarize them 
w i t h  the operational characteristics of pressure suits. Additionally, 
i t  is desirable t h a t  a l l  subjects be given exposure t o  h i g h  al t i tude 
chamber operation and explosive decompression. 

h i g h  school graduates (or equivalent) and be presently working i n  the 
aerospace field. This requirement may be waived i f  candidates exhibit 
h i g h  motivational qualities and general background and experience 
necessary t o  understand the purposes of the research and be able t o  
comment adequately on the t e s t  results. 

General Educational and Vocational Background: All t e s t  subjects w i  11 be 

1.2 TEST DIRECTIONS 

1.2.1 General Physical Condition 

All underwater support personnel will have a current FAA Class I11 
physical rating o r  equivalent. Special attention will be given to ensure 
that no persons be selected w i t h  a history of diabetes, inner ear malfunc- 
tion, cardiovascular anomaly, or  severe airsickness. 
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1.2.2 Experimental Qualifications 

Underwater Experience: 

General Educational and Vocational Background: A1 1 t e s t  directors w i  11 have 

A1 1 t e s t  d i  rectors w i  11 have demonstrated proficiency 
i n  the use of skin d i v i n g  and SCUBA d i v i n g  equipment, 

college degrees and have had experience in the design, conduct and 
analysi s of human engineering experiments 

1.3 DATA RECORDING EQUIPMENT TECHNICIAN 

1.3.1 General Physical Condition 

All technicians will have passed a current employee physical examin- 
ation, 

1.3.2 Experimental Qualifications 

General Educational and Vocational Background: The technician will have ex- 
tensive training and experience i n  electrical  technology w i t h  some 
background in da ta  re ucti on of analog recordings 

1.4 SUIT TECHNICIAN 

1.4.1 General Physical Condition 

Same as Paragraph 1.2-1 above. 

1.4.2 General Educational and Vocational Background 

The s u i t  technician w i  11 be thoroughly fami 1 i a r  w i t h  the. use4 care 
maintenance and repair of the Apollo Block I1 suit and E V  Constant Volume 
sui t .  
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1 5 PHOTOGRAPHER 

1.5,1 General Physical Condit ion 

Same as Paragraph 1.2.1 above. 

1.5.2 Experimental Qualifications 

SCUBA Diving: The photographer will have demonstrated proficiency i n  the 
use of skin and SCUBA d i v i n g  equipment t o  the satisfaction of the 
t e s t  director. 

Photography Experience: The photographer w i  11 have had t r a i n i n g  and 
experience i n  a l l  areas of photography including underwater photo- 
graphy 0 

1.6 EXPERIMENT TECHNICIAN/SAFETY MAN 

1.6.1 General Physical Condition 

Same as Paragraph 1.2.1 above. 

1.6.2 Experimental Qualifications 

Swimming: A1 1 underwater support personnel w i  11 exhibit ease and profi - 
ciency i n  the water. 
the surface and 25 meters underwater, and treading water for  5 minutes. 
In addition, the safety men and underwater experiment technicians will 
be qualified safety instructors or  l i f e  savers, o r  will demonstrate 
equivalent ab i l i ty ,  

They will be capable of swiming 150 meters on 

S k i n  Div in  ; All underwater suppor t  personnel will have passed B course i n  -79 s i n  d i v i n g  and will have exhibited proficiency i n  the use o f  s k i n  
d i v i n g  equipment, 
of the t e s t  director. 

Proficiency will be demonstrated t o  the satisfaction 

SCUBA Div in  : All underwater support personnel will have passed a course i n  + S UBA d i v i n g  and will have demonstrated proficiency i n  the use of 
tank regulator and hookah. 
isfaction of the t e s t  director, 

Proficiency will be demonstrated t o  the sat-  
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1 e 7 MEDICAL PERSONNEL 

1.7.1 General Physical Conditions 

Same as Paragraph 1.3.1 above, 

1.7.2 General Educational and Vocational Background 

All medical personnel will have received a t  l eas t  a Registered Nurse 
qual i f i cation and w i  11 have background know1 edge and experience i n  the medi - 
cal hazards of pressurized suit and underwater operations. 

1.8 GENERAL 

I t  is highly desirable that  individuals selected for  the qualifications 
defined above be capable of serving i n  more than one capacity. T h u s ,  personnel 
selection will be conducted w i t h  the intention of f i n d i n g  Test Directors who 
coul d serve as Sui t Techni ci ans 
b i  1 i t i e s ,  etc. 

Data Recording Techni ci ans w i  t h  d i v i n g  capa- 
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API-11 ( V )  

V ,  EXPERIMENT TRAINING PROGRMI 

1 .O INTRODUCTION 

The basic experiment training program for the Astronaut Performance 
Program Design Verification Testing will consist of comprehensive t r a i n i n g  
i n :  ( a )  the various simulation techniques t o  be utilized; ( b )  the experi- 
mental equipment t o  be used; and (c)  the experimental procedures. The 
t r a i n i n g  will consist of bo th  classroom instruction and operational training 
on the t e s t  equipment where applicable. Insofar as possible, the same ind i -  
viduals will be used for  each respective operational responsibility through- 
out the phases of the Design Verification testing. The personnel trained 
will include a t  least  one back-up person for each cr i t ical  t e s t  posit ion,  

Subjects to be used for each simulation will be the same individuals 
unless unforeseen events preclude this possibility. A t  least  one back-up 
subject will be trained. Tra in ing  of the subjects on each of the specific 
Design Verification Tests will be continued until the subject has achieved 
asymptoti c performance. Asymptotic performance w i  11 be determined by the 
t e s t  director when the subject has passed the inter ior  level and no longer 
shows noticeable improvement i n  performance. 

Training sessions for  each of the simulations will be conducted u s i n g  
the "shirtsleeve" condition, the Apollo Block I1 su i t  and the EV Constant 
Volume Joint suit. Training i n  each su i t  and res t ra int  combination will be 
performed for the specific simulation operations and experiment procedures. 

2-0 SIMULATION OPERATIONS 

2,l Normal Gravity Test Tra in ing  

All of the procedures indicated i n  the Functional Flow Block Diagram 
(FFBD) i n  Volume I ,  Section 2,O will be in i t ia l ly  trained i n  1 "G". The 
measures to be taken as performance indicators are the same as those delineated 
i n  Volume I ,  Sections 3.1, 3.3 and 3.4, The 1 "GI' training will be performed 
a t  the General Electric Company Facility a t  Valley Forge. Trained safety and 
medical personnel will be present during a l l  training sessions i n  addition t o  
the required experimental t e s t  and support personnel. 
subjects will be experienced i n  the specific pressure sui ts  and pressure su i t  
conditions t o  be used for design verification testing, 

In add i t ion ,  a l l  t e s t  

I t  is envisione 
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the training period will be quite extensdve i n  order t o  familiarize a l l  
personnel involved i n  the experiment. This f i r s t  training operation will 
not  only acquaint subjects and procedures, b u t  will also provide the in i t i a l  
exposure of prime and support equipment t o  technicians and other support  
personnel Subsequent t r a i n i n g  periods assuming consistent uti1 imation of 
personnel should require significantly less  training time. 

2.2 NEUTRAL BUOYANCY UNDERWATER SIMULATION 

The procedures f o r  neutral buoyancy underwater simulation for the 
design verification testing are provided i n  Volume 111, Section 2.0. 
indicated previously, t r a i n i n g  of subjects will be performed t o  asymptotic 
performance for  the underwater neutral buoyancy simulation. The measures 
t o  be taken as performance indicators are the same as those delineated i n  
Volume I ,  Sections 3.1, 3,3 and 3.4. 

Buoyancy Facility of the General Electric Company a t  Valley Forge. 
personnel specially trained i n  neutral buoyancy pressure su i t  operations 
and medical personnel wi 11 be present d u r i n g  a1 1 neutral buoyancy operations 
i n  addition to  the required experiment suppor t  personnel 

Training i n  the neutral buoyancy techniques, b o t h  i n  suited and unsuited 
modes will be minimal since a l l  t e s t  personnel t o  be used will be experienced 
i n  the underwater operational and safety procedures 

As 

The neutral buoyancy training w i  11 be performed a t  the Control led 
Safety 

2,3 SIX DEGREE-OF-FREEDOM MECHANICAL SIMULATION 

Test subjects will be trained i n  the procedures indicated i n  the FFBD 
i n  Volume I ,  Section 2.0 on the MSFC S i x  Degree-of-Freedom Mechanical Simu- 
lator.  The measures t o  be taken as performance indicators are the same as 
those delineated i n  Volume I ,  Sections 3.1, 3.3 and 3.4. Trained safety and 
medical personnel provided by MSFC will be present during a l l  simulation 
operations i n  addition t o  the required GE experiment support personnel e 

personnel t o  familiarize them w i t h  the experiment equipment, sequences and 
operations a 

Classroom instruction w i t h  demonstrations will be provided for  the MSFC 
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2.4 KEPLERIAN FLIGHT ZERO GRAVITY SIMULATIONS 

Test subjects will be trained i n  the t e s t  procedures indicated i n  
the FFBD i n  Volume I ,  Section 2.0 d u r i n g  Keplerian Zero Gravity Simula- 
tion. T r a i n i n g  will be conducted on Keplerian Flights a t  Wright-Patterson 
Air Force Base, The performance measures to  be taken are delineated i n  
Volume I ,  Sections 3.1, 3.3 and 3.4. Trained safety and medical personnel 
from Wright-Patterson, experienced i n  Keplerian F1 ights, will be present 
d u r i n g  a l l  simulation operation i n  addition to  the required GE experiment 
support personnel e 

Wright-Patterson personnel t o  familiarize them w i t h  the experiment equipment, 
sequences and operations. 

Classroom instruction w i t h  demonstrations will be provided for  the 

3.0 EXPERIMENT PROCEDURE TRAINING 

Subjects t o  be used for the Design Verification Testing will be pro- 
vided by GE. 
ciated w i t h  the M508 program and therefore will be familiar w i t h  the experi- 
men t equi pmen t ,, 

The t e s t  subjects will be given brief classroom instructions and be 
thoroughly trained i n  a1 1 experiment operations iven i n  detail i n  Volume I ,  
Section 3.1 and Volume 111, Section 2,O. T r a i n i n g  i n  the specific tasks 
such as precise hand movement, the eye-hand coordination task., the opera- 
tional maintenance task and the force emission tasks will be intensive. 
Asymptotic performance, as determined by s ta t i s t ica l  methods, will be re- 
quired on each specific task and each simulation mode prior t o  testing. 

The t e s t  director and observers will also be intensively trained i n  the 
experiment procedures. Practice sessions for  the director and observers will 
be conducted t o  insure t h a t  data collection, reduction and evaluation techni- 
ques are eff ic ient  and adequate, 

These subjects will be personnel who have been closely asso- 

4.0 SCHEDULE/PHASING 

Figure 1 indicates the number o f  days a l lot ted t o  t r a i n i n g  for  the 
various simulation modes. One-g training, which in i t ia tes  exposure of the 
experiment to  a l l  personnel 
will only require 3 days, since a l l  personnel involved are experienced i n  
neutral buoyancy operations and wil l ,  a t  that  p o i n t ,  be experienced i n  ex- 
periment procedures, 
t o  familiarization w i t h  the air-bearing simulator, 

will require 10 days, Neutral buoyancy training 

Six  DOF simulation t r a in ing  will be primarily devoted 
Finally, KC-135 t r a i n i n g  
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will simply involve practice i n  experiment procedures in the part-task mode 
imposed by Keplerian f l i g h t  simulation. 
schedule is an orientation f l i g h t  for  a l l  General Electric experiment per- 
sonnel prior t o  the actual training program. 

Not shown on the KC-135 training 



Page 5 

inii l .3 0 

T 1 



API-I1 (VI) 

VI. EXPERIMENT EQUIPMENT LIST 

1 .O INTRODUCTION 

T h i s  document prov 
the Design Verification 
Program e 

1 a 1 EXPERIMENT HARDWARE 

1 Task Board: 

des a l is t ing o f  the equ 
Tests t o  be performed on 

2 

pments required t o  support 
the Astronaut Performance 

Cover 
Access Panel 
Cue Panel 
Force/Torque Module 
Precise Hand Movement Module 
Operational Maintenance Module 
Electronics C/O Module 

Observer I s Panel 

Handhold Restraint 

Gemini Dutch Shoes Restraint (GFE)  

Variable Flexibility Waist Restraint ( G F E )  

Lanyards and Take-up Reels 

Apollo Block I1 Space S u i t  and Helmet ( G F E )  

EV Constant Volume Spacesuit and Helmet (GFE) 

Variable Flexibility Equipment Tethers 
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1 Tool K i t :  

2.0 

1 Ratchet Wrench 
1 
1 5/32" Hex-Drive on T-Handle 
1 Open-end wrench 

Set Force Module Calibration Equipment 

1 

1 P1 umbing Component Spare 

1 Mobility Aid 

AR Power Supplies 

AR 

3/8" Socket for  Ratchet Wrench 

Precise Hand Movement Tension-Check Device 

Suit Pressurization System & Suit Interfaces 

AR Support Structure 

AR Electrical Cables 

DATA RECORDING EQUIPMENT 

1 

AR 

1 

AR 

1 

AR 

1 

AR 

AR 

Motion Picture Camera (6 frames/sec) (GFE) 

F i l m  fo r  Above (GFE)  

14 Ch.  (Estimated) Magnetic Tape Recorder (GFE)  

Tape for  Above 

8 Ch. Osci 11 ographic Recorder ( G F E )  

Paper for  Above 

Bio-medical Recorder (GFE) 

Tape for  Above 

Amp1 i f i e r s  

Power Suppl i es 
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3.0 SIMULATION SUPPORT EQUIPMENT 

3.1 GENERAL 

Supplemental Light ing 

Communications: Two-way - Subject/Test Director ( w i t h  recording 
capabi 1 i ty )  

Test Director t o  Simulation Facility Work Area 

Repai r and Mai ntenance Equipment : 

Electrical Test and Diagnostic Instruments 

Tools 

Spare Parts 

3.2 KC-135 

Power Conversion Equipment 

3.3 NEUTRAL BUOYANCY SIMULATION 

2 TV Cameras 

2 Monitors 

Subject's Hookah 

SCUBA Equipment: 

Fins 
Masks 
Snorkels 
A i  r Bottles 
Regulators 
Wet Suits 
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